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The Entrance to Industry—lIl 


Continuing our examination of the proposals 
referred to in our issue of July 18, and advanced 
by Political and Economic Planning, the vital 
importance to industry and the community of 
the years 14 to 18 is stressed, especially as, with 
an ageing population, the proportion of those 
entering industry between these ages is bound to 
diminish. If, they suggest, there is an unem- 
ployment problem, it is better to take these 
young people off the labour market. A policy 
to cover this period should ensure some educa- 
tional influence over the whole period, should 
supervise health, and should introduce an 
organised system of industrial recruitment, 
training and welfare supervision. On the first 
point the extension of the school-leaving age to 
15 is advocated, with compulsory half-time 
attendance from 15 to 18. The former step is 
already envisaged under the Hadow Scheme. 
The half-time attendance in the latter step 
appears to be based on the idea that the shorter 
periods, such as that laid down in the Fisher 
Act, never put into operation, are difficult to 
arrange for in industry. If young people have 
to attend half-time, the disorganisation is met 
by employing two instead of one, so that one is 
always at the works while the other is in school. 
But surely this does not deal with the situation, 
because there are clearly not enough young 
people available to permit such a plan. Further- 
more, such a proposal clearly regards industrial 
work as wage-earning pure and simple, whereas 
many young people between these ages are being 
specifically raised for occupations in which double 
the numbers could not be absorbed, even if they 


were available. The proposed policy is suggested 
for adoption over ten or twenty years, but the 
arrangements regarding extended schooling are 
suggested for adoption in stages by 1940, result- 
ing in absorption of half-a-million unemployed 
by that year. On the vital question of cost, a 
full year of operation is estimated to cost about 
thirty millions. Maintenance allowances to young 
people between 15 and 18 would increase it, but 
about twenty millions now spent on unemploy- 
ment benefit and assistance could be credited to 
the total. To such bold proposals employers, 
through their properly-constituted bodies, should 
have alternatives, for one of the principal argu- 
ments of those who want to raise the school- 
leaving age is not its intrinsic desirability, but 
its favourable reaction on the hard core of un- 
employment—the two million residue left even 
in a period of good trade. 


Discussion by Correspondence 


As we forecast before the Sheffield Conference 
of the Institute of British Foundrymen, insuffi- 
cient time was allowed for adequate discussion 
of the various Papers. There is always a fear 
amongst the organisers that a Paper may be 
presented and “ fall flat,’’ but our personal ex- 
perience of the last fifteen conventions or so is 
amply sufficient to allay any such trepidations. 
Then, some are of opinion that a limited discus- 
sion at the conference is of minor importance 
because, if of outstanding interest, the Paper 
can be re-presented before the Branches for 
further study. This is something of a fallacy, 
because the value of a discussion is invariably 
enhanced when the participants are drawn from 
the widest possible area. Hence the necessity 
and justification for international conferences, 
joint meetings of branches, and foreign exchange 
Papers. Although Dr. Hatfield expressed some 
disappointment at the absence of ingot-mould 
makers from the session at which Dr. Swinden 
and Mr. Bolsolver presented their Paper, yet the 
discussion was eminently satisfactory from the 
dual aspects of technological and geographical 
interest. On the former side, useful contribu- 
tions were made by both scientific metallurgists 
and practical foundrymen, whilst from the latter 
aspect only a representative of the South Wales 
trades was missing, as speakers were present 
from all the other ingot-mould-making areas. 
The organising committee of the Sheffield Con- 
ference and the Literary Committee of the Insti- 
tute may feel that circumstances were against 
them. Obviously, a reduction in the number of 
the Papers submitted offers no remedy, as a fair 
number is an essential to command the presence 
of executives from other districts, and there are 
but twenty-four hours in a day! These com- 
mittees, especially the former, did a _ vast 
amount of work of a sterling character, and it 
is now up to the rest of the membership, and 
indeed the whole of the foundry industry, to 
show their appreciation of the technical worth 
of the Papers submitted by sending along either 
to the secretary, Mr. T. Makemson, St. John 
Street Chambers, Deansgate, Manchester, or to 
us, written discussions upon the Papers which 
were presented, and which either have already 
been printed in our columns or will be very soon. 


= 
he 
| 
| 
Age 
7 | 4 
ome 
a 
Py? 
= 
al, 
was 
7 
: 
= 
Be 


FOUNDRY TRADE JOURNAL 


Non-Magnetic Cast Iron in the 
Electrical Industry 


In the construction of electrical plant and 
machinery it frequently happens that metallic 
structural components are used in_ positions 
where they are exposed to the influence of fluc- 
tuating or alternating magnetic fields. The influ- 
ence of such fields on the common materials of 
construction is to produce serious losses and 
over-heating, firstly on account of the magnetic 
hysteresis effect in the magnetic metals, and 
secondly on account of the eddy currents set up. 

Hysteresis losses are a function of the mag- 
netic properties of the metal used and may be 
minimised or eliminated by the use of non- 
magnetic metals. Eddy-current losses, on the 
other hand, are closely related to the electrical 
resistance of the metal in question, and to mini- 
mise these it is essential to maintain a high 
electrical resistance. Many of the non-ferrous 
alloys such as the brasses and bronzes satisfy the 
first of these conditions, but their electrical 
resistance is low and they therefore fail in the 
second requirement. 

A satisfactory solution of the problem has now 
been found in the use of the high-alloy non- 
magnetic cast irons. These irons contain suffi- 
cient alloys to render the structure of the metal 
austenitic. Some of the compositions giving this 


Fic. 1.—A Few APPLICATIONS oF N 


structure produce castings which have the 
desired combination of non-magnetic properties 
with high electrical resistance. In addition, 
special compositions have marked resistance to 
corrosion and heat. 

Perhaps the best known of the non-magnetic 
cast irons is the high-nickel nickel-manganese 
austenitic cast iron known as ‘‘ Nomag’’* de- 
veloped fifteen years ago by Mr. S. E. Dawson 
and Messrs. Ferranti, Limited. This firm supply 
large quantities of non-magnetic castings and we 
are indebted to them for the data accompanying 
this article. 

‘* Nomag ’’ has a magnetic permeability as low 
as 1.03, which means that for all practical pur- 
poses it is completely non-magnetic. This figure 


* « Nomag ”’ is a registered trade mark. 


is given in the table below, in which ‘‘ Nomag ”’ 
is compared with other engineering materials. 
The table also gives comparative figures for 
specific resistance and temperature coefficient of 
resistance. 


Resist- 
| ance-tem- 
Magnetic | Specific perature 
perme- | resistance,| coefficient 
Material. ability. micro- | between 
Maxi- ohms per | 0 deg. C. 
| mum. | em. cube. | and 100 
deg. C. per 
| degree C. 
! 
Nomag ”’ 1.03 | 150 0.00045 
Cast iron .. ; 240.00 | 95 0.0019 
Steel (Siemens- | 
Martin) .. ..| 8,350 | 18 | 0.003 
Brass (annealed) } 7.0 | 0.002 
Pure copper (an- > approx. | 1.59 0.00427 
nealed) | 
Pure aluminium ..| } 2.62 0.00423 


‘* Nomag ”’ is soft and easily machinable. Its 
tensile strength is similar to that of ordinary 
grey iron, but it is distinctly tougher and more 
resistant to shock. The lower electrical and mag- 


wt 


By Courtesy of Ferranti, Ltd. 


on-Maeonetic Cast [RON IN THE ELECTRICAL INDUSTRY. 


netic losses render it particularly suitable for 
such castings as alternator end rings, cable and 
terminal boxes, covers and fittings for oil 
switches and transformers. As an example of the 
usefulness of the iron in these applications it 
may be mentioned that on test the temperature 
rise in a cast-iron ring through which was 
threaded a conductor carrying an alternating 
current of 1,000 amperes for 30 min. was 50 deg. 
C., whilst the ‘‘ Nomag ”’ ring under similar con- 
ditions gave a temperature rise of only 4 deg. C. 

In metering equipment it is essential that 
electro-magnetic losses in the castings used for 
meter cases, etc., should be at a minimum, to 
ensure accuracy. Non-magnetic cast iron is thus 
ideal for these conditions. 

The high electrical resistance of the austenitic 

(Concluded in next column.) 
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Correspondence 


[We accept no responsibility for the statements made 
or the opinions expressed by our correspondents. | 


The Earliest Grey-lron Casting 
To the Editor of Tae Founpry Trapve Journat. 

Srr,—lI have read a printed letter from Mr. 
J. A. Rabbitt entitled ‘‘ The Earliest Grey-Lron 
Casting *’ in your issue of April 4, 1935, p. 232. 
The foundry industry in Kawaguchi district, near 
Tokyo, is, Mr. Rabbitt states, an unparalleled 
feature throughout the world, I suppose. There 
are about ten thousand persons out of a total 
population of forty thousand engaged in foundry 
work. There about four hundred iron, four non- 
ferrous metals and one steel foundry are standing 
in a row. 

Mr. Rabbitt stated that a Chinese master from 
South China taught foundry work in many parts 
of the country during Kamakura period (A.D. 
1270). This is correct, but in this district the art 
of making castings was handed down by the 
descendants of a famous founder Temmei Kuniie, 
trained in the Tan-nan district of Kawachi in 
this country during the year of Horeki (a.p. 
1410). Thus its art is not derived from China 
but from ancient Japan. 

Yours, etc., 
R. Maepa. 

Metallurgical Department, 

Faculty of Engineering, 
Tokyo Imperial University, 
Tokyo, Japan. 
July 5, 1935. 


Catalogue Received 


Pig-Iron. A 32-page brochure received from 
the Barrow Hematite Steel Company, Limited, 
Barrow-in-Furness, Lancashire, breaks new 
ground in publicity for pig-iron. The compiler 
has taken for his text ‘‘ Low-phosphorus content 
induces soundness in grey-iron castings,’’ and 
he has drawn on the scientific investigations of 
West which were included in the First Report 
of the Work of the Cast Tron Sub-Committee of 
the Institute of British Foundrymen and 
numerous other researches, both British and 
foreign, for support. Then he has shown how 
the “SP” range of foundry pig-irons made 
by his concern “ fill the bill’? in this respect, 
as they run between 0.10 and 0.30 per cent. 
phosphorus. The range is divided into “ stan- 
dard’ and high and low manganese, with 
diminishing silicon contents with increasing 
numbers. Once again we have to register a 
protest against the use of cream or anything 
other than white paper as a background for the 
reproduction of photomicrographs. The lay-out, 
the use of illustration, and the choice of type 
are all excellent. The technical data drawn upon 
is reliable, whilst its presentation has been suffi- 
ciently simplified that it will appeal to the more 
practically-minded foundryman. We . strongly 
advise our readers to procure a copy for per- 
sonal reference, as its study will help to crystal- 
lise the main factors in the production of sound 
castings. 


(Concluded from previous column.) 


irons combined with their toughness renders 
them particularly useful for electrical-resistance 
grids. The low resistance-temperature coefficient 
ensures minimum variation of resistance with 
fluctuating temperature, while the high resist- 
ance enables thicker and more open grids to be 
employed than in the case of ordinary cast iron. 
Finally, the heat resistance of the irons mini- 
mises distortion and scaling at high tem- 
peratures.—From The Nickel Bulletin.’’ 
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The Viscosity of 
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Cupola Slags in 


Molten State’ 
By TATSUO MATSUKAWA 


Introduction 


In the operation of a cupola for the manufac- 
ture of iron castings, unless one uses some 
proper flux, a very viscous, sticky slag is pro- 
duced. This is very difficult to handle; it prevents 
the smooth downward flow of materials and the 
even distribution of blast in the melting zone. 
The slag consists of the ash of the coke, which 
may amount to 10 per cent. or more of the weight 
ot the coke charged, a part of the cupola lining 
which may be melted away during the progress 
ot heat, sand and rust adhering to the scrap and 
pig-iron in the charge, and perhaps some iron, 
silicon and manganese oxidised in passing 
through the melting zone. The production of 


in every experiment. The samples of slag and 
metal were taken from this first charge, because 
in the foundry it was impossible to continue 
melting with the same combination of materials 
and with an unsuitable amount of limestone. 
The analyses of coke, pig-iron and limestone are 
shown in Table I. 
Results of Viscosity Measurement 

The analyses of slags and the results of vis- 
cosity measurement are given in Table II and 
Fig. 1. 

The first column indicates the ratio of amount 
of limestone added simultaneously to the pig- 
iron in percentages. Slag No. 0, which was 
obtained with no limestone addition, has a high 


TaBLe I.—Analyses of Materials used (1-ton Cupola). 


Pig-iron TC. | 3.40% | Si 3.08% | 1.26% | 0.023% | P 0.203% 

vidi Ash | 9.72% | F.C. 88.00% | V.M. 1.11% | Moisture 0.30% 
Ss | 0.83% P 0.04% — | 

sic, | 1.85% Fe,0, & Al,O,| 0.085% CaCO, | 96.78% 


good-quality cast iron under such conditions is 
practically impossible. Some fluxes, in addition 
to limestone, such as dolomite, fluorspar, ete., 
have been used to give a good fluidity to the 
slag. 

Dierker’ says that smoother cupola operation 
may be secured by the use of dolomite as a flux 
instead of limestone, because magnesia lessens 
the viscosity of the slag more than lime does. 
But dolomite is not yet used currently in prac- 
tical foundry operations, as limestone is cheaper. 
In regard to fluorspar, Deurvorst’s* investiga- 


silica content as an acid open-hearth slag, and 
its viscosity and melting temperature are both 
very high. 

When the limestone addition increases by 2, 
3 and 4 per cent., the viscosity and the melting 
temperature of the slags decrease, but as from 
slag No. 4 they increase with the amount of 
limestone added. Slag No. 4, which was pro- 
duced with a 4 per cent. limestone addition, 
shows the minimum value in viscosity and melt- 
ing temperature. This is probably due to the 
formation of some fusible eutectic. 


TasLe II.—Analyses of Cupola Slags (1-ton Cupola) (per cent.). 


Sle Lime- | | | | | 
No | stone | SiO,. FeO. | Fe,O,.| MnO. | | CaO. MgO. P. 
added. | 
| Per cent. | | 
L—o ..| oO | 86.12 | 7.34 1.84 4.91 18.56 7.38 1.84 0.396 0.069 
2 3 2 | 50.40 | 14.79 2.21 4.07 11.48 13.66 2.71 0.240 0.150 
L—3 3 | 44.88 | 13.41 3.48 3.97 10.00 20.72 3.88 0.669 0.151 
| 
i—4 4 | 42.70 «(13.47 3.49 3.82 10.25 26.38 3.66 0.613 0.161 
Es 5 | 40.51 | 13.03 3.04 3.90 10.52 29.21 3.23 0.608 0.124 
—" 6 38.28 11.64 4.50 3.56 10.32 31.50 2.86 0.424 0.118 


tions led him to the following conclusion: from 
a critical review of the various factors involved, 
it is said that the partial substitution of fluor- 
spar for limestone has no effect on the operation 
of cupolas, except that the lining is more rapidly 
attacked. 

According to D. Saito,* the amount of lime- 
stone added as flux in practical cupola melting 
in Japan varies from 0.4 to 6 per cent. of the 
iron charge, according to the quality and quan- 
tity of coke used; but the range is too wide. 
This shows the lack of exact knowledge about 
the relation of the amount of limestone and the 
slag condition, i.e., viscosity. The writer investi- 
gated this problem in orde? to give some hints 
to practical foundry workers. 


Experiment with I-Ton Cupola 


In this investigation a 1l-ton cupola furnace , 


at the Kurimoto Foundry was used to obtain 
desired samples, slags and cast iron. The dia- 
meter of the furnace is 24 in., and it has a fore- 
hearth and 6 rectangular tuyeres, 7 in. by 2.5 in. 
in section. Upon the 330 lbs. coke beds, the 
calculated limestone and the mixture of 247 lbs. 
of pig-iron and 60 lbs. of scrap were charged 


* Abstract of a Paper presented to the Autumn Meeting, 1933, 
of the Iron and Steel Institute of Japan. 

1 FOUNDRY TRADE JOURNAL, 47 (1932), p. 372. 

2 Loc, cit. 

5 ‘J. Iron and Steel Institute,’’ Japan, 12 (1929), p. 1097. 


Properties of Cast Iron 
The chemical analyses of the cast iron pro- 
duced are given in Table III. Cast iron No. 0, 
which was produced with no limestone, has 
absorbed much sulphur, actually 0.115 per cent. 
Up to No. 4 the sulphur content decreases 
rapidly, but cast iron produced with 5 and 6 per 


TaBLe III.—Analyses of Cast Iron (1-ton Cupola) 


(per cent.). 
Lime- | 
stone C. Si. Mn. Ss. 
added. 
Per 
cent. 
0 0 3.54 | 1.76 | 0.87 | 0.237 | 0.115 
2 2 3.26 | 1.72 | 0.96 | 0.174 | 0.091 
3 3 3.28 | 1.78 | 1.03 | 0.168 | 0.057 
4 4 3.32 | 1.58 | 1.16 | 0.204 | 0.031 
5 5 3.28 | 1.78 | 1.06 | 0.199 | 0.027 
6 6 | 3.29 | 1.79 | 1.01 ' 0.197 | 0.029 


cent. limestone shows little benefit. Cast iron 
No. 0 has a 3.54 per cent. carbon content, but the 
others contain about 3.3 per cent. This is prob- 
ably due to the difference of slag conditions: 
the sticky viscous slag has not been able to 
protect the cast iron from the carburising action 
of coke. 
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Except for a slight increase or decrease in the 
silicon and phosphorus content, the effect of the 
basicity of the slag was not noticeable. The con- 
tent of manganese from 0.87 per cent. to 1.05 
per cent. as the limestone addition increases 
from 0 to 4 per cent., but decreases after in- 
creasing the limestone addition above 4 per cent 
It may be supposed that the slag of good fluidity 
has protected the cast iron from oxidation by 
Bessemerisation. 

Fig. 2 shows the average value of tensile tests 
obtained from three separate test-pieces. Cast 
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iron No. 0 has the peorest value, but it increases 
up to No. 4, and then decreases a little in No. 5 
and No. 6. No. 2 showed an exceptionally good 
result; this may be attributed to its low-carbon 
content, caused by an irregularity of the charge. 

The temperature of molten cast iron from the 
cupola is about 1,450 deg. C. To produce cast 
iron of superior quality, the slag must have good 
fluidity at this temperature, because they con- 
tact continuously with each other in the furnace, 
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avoiding the bad effect of glowing coke and 
oxidising atmosphere upon cast iron. Slags 
which satisfy the above demands are Nos. 3, 4 
and 5 in this experiment. From the tempera- 


ture-viscosity curves of slags, and the physical 
and chemical properties of cast iron produced, 
it may be concluded that the proper amount of 
limestone to be added as flux in this 1-ton cupola 
furnace melting is 3 to 5 per cent. of iron charge. 
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Waste-Wax Casting 


METHOD OF GREAT ANTIQUITY 
By E. A. SMITH, A.R.S.M. 


The discovery that metals could be cast into 
definite shape by pouring them into moulds was 
a great step forward in their industrial applica- 
tions. It was a discovery due in all probability 
to the close observation of an early metallurgist 
who noticed that the metal produced in his 
primitive smelting furnace flowed like melted fat 
or wax; and as it cooled received the impression 
of the surface on which it finally solidified. From 
such crude beginnings there was gradually de- 
veloped the art of casting metals, particularly 
copper and bronze, which has been practised by 
almost all nations from very remote times. 

The earliest castings, in simple sand impres- 
sions, consisted chiefly of weapons of defence and 
implements of the chase: but in course of time 
the art was extended to the production of objects 
of more artistic merit for personal adornment, 
and for domestic or ceremonial uses. The earliest 
practice of art metal casting dates from pre- 
historie times; and it is impossible to say with 
any degree of certainty how or where it origin- 
ated, or to give to any individual or nation the 
credit of its invention. 

As the result, however, of modern archeological 
research and discovery it has become increasingly 
evident that the art was practised in Asia at a 
very remote period; and that it most probably 
originated somewhere in the western part of that 
vast continent where archvological investigations 
are only just beginning to be made on a scientific 
basis. Gowland, the late authority on the metals 
in antiquity, has pointed out that certain bronze 
figures from Chaldea are attributed to a period 
not later than 2000 B.c., and although of very 
archaic form and rude execution, indicate that 
the casting of bronze must have been followed 
in that country even for many centuries before 
that remote date. Also if we accept the date 
2205 B.c. given in Chinese annals for the cast- 
ing of the nine bronze tripod cauldrons, often 
mentioned in historical records, then methods of 
casting must have been developed and used as 
early as 3000 B.c. or even earlier. 

Casting in moulds of sand or loam is of very 
early date. Moulds of clay were probably intro- 
duced by the Chinese, and Gowland considers 
that it is almost certain that contemporaneous 
with their adoption the method of cire perdu 
casting was first practised. This somewhat 
unique method, commonly known as the waste- 
wax, or lost-wax method (From Fr. cire, wax, 
and perdu, wasted or lost), has been applied from 
very early times to artistic metal casting and 
forms an important link with the past history 
of foundry practice. It is a very simple method 
of producing a mould for the shaping of metal, 
and has been described many times, but it may 
be well to recall its salient features. 

In the first place the object is very carefully 
modelled in wax. This model is then covered 
with a moderately thick coating of refractory 
clay which when hard forms a one-piece mould 
around the wax model. After drying out the 
moisture, the clay is heated or baked at a red 
heat to melt the wax which flows out through a 
channel made in the clay for the purpose. Thus 
the wax is wasted or lost, hence the name applied 
to the method. 

The molten metal is then poured into the 
mould and completely fills the space vacated by 
the wax, producing in metal in every detail a 
reproduction of the original wax model. After 
being allowed to cool the refractory mould is 
broken away revealing the cast object. 

The earliest known examples of cire perdu 
casting are solid, and are small, as solid casting, 
even by this process was evidently considered too 
wasteful where work of any size had to be car- 
ried out, especially in gold or silver. Later— 


probably with a view to economising metal— 
hollow castings were made by the cire perdu 
method by the use of a core as described later. 
A number of ancient Egyptian castings of copper 
and bronze of undoubted antiquity examined by 
Garland and Bannister show that they were 
made by the cire perdu method as early as 3000 
B.C. Petrie also states that the casting of 
bronze in ancient Egypt was generally done by 
this method. It was also used at a very early 
date by the Egyptian goldsmiths for casting 
small objects in both gold and silver, and many 
beautiful examples of their work are to be found 
in the British and other Museums. In later 
periods this method became very usual in Egypt. 
The intrinsic interest in this method, however, 
is enhanced by the remarkable discovery in re- 
cent years by Sir Leonard Woolley of certain 
castings in gold, silver, and copper, at that 
ancient city Ur of the Chaldees in Southern 
Mesopotamia of which we have heard and read 
much of late. These fine examples of the gold- 
smiths and jewellers of 3500 B.c. and more 
years ago were without doubt cast by the waste- 
wax method, and are therefore of special 
interest to the craftsman, as they are the oldest 
examples of this method of casting extant. 


Ancient Craftsmanship 


In describing these discoveries, Dr. Woolley 
states that everything in the cemetery where the 
objects were found points to a civilisation old 
and settled. Their knowledge of metal working 
was considerable, and in fabricating gold, silver 
and copper they exhibited a skill in design and 
a technique in execution such as few ages have 
surpassed. The craftsmanship which produced 
those treasures went back to an extraordinary 
early period. 

Shaping metals by the skilful hammering of 
sheet doubtless preceded by many centuries, 
perhaps by tens of centuries, the artistic casting 
of metals, but the invention of the cire perdu 
method did much to extend the use of metals 
for artistic purposes, as it enabled the crafts- 
man to obtain the requisite shape and nicety 
of detail in objects that could not well be 
fashioned in sheet metal. It also permits of 
much finer impressions of the model being taken 
than can be obtained with the ordinary sand 
mould. 

Although a date of some 3,500 years before 
the Christian era is assigned to the cast objects 
found at Ur, the delicacy and skill displayed in 
their production indicates a degree of metal- 
lurgical knowledge and technical skill possessed 
by the artificers of that time that could only 
have been attained long after the method was 
first known, and represents without doubt the 
accumulated experience of many generations of 
founders. Hence it would not be unreasonable 
to conclude that the cire perdu method was in 
use some 4000 or even 5000 B.c. 

As an instance of solid casting in gold, we 
have the magnificent little monkey from the 
grave of King Mes-Kalam-dug, ruler of Ur, more 
than 5,000 years ago, and made by some crafts- 
man of Ur. It is a very fine piece of miniature 
work, little more than half an inch in height, 
and is seated on a slender copper rod, which is 
probably the shaft of a pin. 

Another beautiful casting is the donkey of 
gold (electrum), which forms the mascot on the 
silver rein-ring from Queen Shub-Ad’s sledge 
chariot. This is a skilful piece of casting per- 
fectly true to nature in every detail. In 
addition to these two outstanding examples of 
waste-wax casting, there are quite a number of 
small gold ornaments in the form of animals, 
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chiefly stags and bulls, which formed part of the 
Queen’s ceremonial crown, and were all in a good 
state of preservation. 

‘The final traces of the people who lived at 
Ur are lost about 800 B.c., but the Babylonians 
inherited their art, and the Assyrians took it 
over, too. The Pheenicians, technically brilliant 
but with no invention, also adopted it, and 
spread it around the Mediterranean, until it 
became familiar to the Greeks and helped to 
form the great Grecian art.’’ (Woolley.) 

The cire perdu method was not introduced into 
Greece—the country to which we owe the most 
perfect antique examples of it—until about 
600 B.c. Its revival was largely due to the 
activities of the celebrated goldsmith Benvenuto 
Cellini, who constantly employed it and improved 
the technique of the method. 

A later development of the cire perdu method 
was the casting of hollow objects with the aid 
of a core. The procedure for cored work was 
to make a core of some loam material, which was 
formed roughly to the shape of the object to be 
made, and then coated with a thin layer of wax. 
On this wax coating the craftsman carefully 
modelled the object. The mould itself was then 
completed in the usual way by covering the wax 
with clay, but some means was required for pre- 
venting any movement of the core after the wax 
was finally melted out. For many years the 
method of fixing the cores in ancient work re- 
mained a mystery, but investigations by Garland 
and Bannister on ancient Egyptian core castings 
of copper and bronze leave little doubt that 
struts of iron wire, sometimes very thin, were 
used as supports. Owing, however, to the ready 
oxidisability of iron, the struts had very fre- 


quently corroded away and completely disappeared. 


But in some few cases remains of the struts had 
been found after very careful examination, and 
thus confirming the method of fixing the cores. 

The importance of the accurate adjustment of 
the cores is evident when it is stated on the 
authority of Sir Flinders Petrie that in ancient 
Egyptian bronze castings made by the cire perdu 
method ‘‘ the metal was often run as thin as 
1/50th of an inch, so that a shift of the core 
by as little as 1/100th of the inch would throw 
the casting out, and make a flaw.’’ In later 
time it is known that iron cross supports pass- 
ing from the core through the wax to the mould 
were used, and this method continues in use in 
Egypt and elsewhere at the present time. 

The cire perdu method gives a perfect repro- 
duction of the finest details of the original model, 
consequently little, if any, work was left for 
the engraver to do on the casting itself. 

From the foregoing details it is evident that 
the waste-wax method is of very ancient origin 
and is the earliest known method of art casting; 
it was known to the Sumerians and to the gold- 
smiths of Ur most probably some 5000 years B.o. 
It was more fully advanced by Greek casters 
several centuries before the Christian era. But 
whilst it was actively developed in many parts 
of Europe, the method does not appear to have 
received very serious attention in this country 
until the latter part of the nineteenth century, 
when it began to be applied to art bronze cast- 
ing. From that time to the present day the 
interest in the method has gone on increasing: 
and there is now no difficulty in getting bronzes 
cast by the waste wax method in England, and 
large castings are constantly being made. 

The latest development is its application to 
the casting of aluminium, in which metal some 
statues of considerable size have recently been 
made in America and elsewhere. 


Mr. T. Tersen, C.E., of Birmingham, has re- 
ceived an order for a small oil-fired glass-melting 
tank furnace of new design from Butterworth Bros., 
Limited, Newton Heath Glass Works, Manchester. 
The complete erection of the furnace will be under 
the supervision of Mr. Teisen’s furnace builder or 
engineer, and the tank will be used for founding 
at specially-high temperatures. 
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Some Notes on Ingot Moulds” 
By T. SWINDEN, D.Met., and G. R. BOLSOVER, F.Inst.P. 


Mould Costs 

By far the greatest proportion of the world’s 
steel production is cast in the form of ingots for 
subsequent manipulation by rolling or forging. 
A very rough estimate indicates that the annual 
consumption of ingot moulds is of the order of 
100,000 tons. Practically the whole of this is in 
the form of cast iron, and therefore the subject 
is of considerable interest to the ironfoundry in- 
dustry. At the same time, it is necessary to keep 
in mind that the ingot mould is merely a tool 
required to give the desired shape to the steel 
ingot, and its value is to be considered under two 
headings: (a) the cost per ton of steel produced, 
and (b) the influence of factors connected with 
the mould on the quality of the resulting ingot. 

As regards the cost per ton of ingots, in a 
recent Paper by Mr. J. Blakiston, before the 
Middlesbrough Branch of this Institute, it was 
stated that the value of castings of all kinds used 
in the ultimate production of a ton of semi- 
finished steel was approximately 10s. per ton, and 
that the ingot moulds, bottoms and slag ladles 
accounted for from 2s. to 5s. per ton. 

Confining attention to ingot moulds, F. W. 
Morawa (‘‘ Stahl und Eisen,’’ 51 (1931), Vols. 40 
and 41, pp. 1221-28 and 1256-63) stated that the 
cost of moulds represented only some 3 per cent. 
of the cost of conversion in the steelmaking shop, 
which conversion cost represented about one-fifth 
of the total cost of the ingot. In the authors’ 
opinion these values are very approximately cor- 
rect. The ingot mould costs in the plants of the 
United Steel Companies, Limited, varied in 1934 
from 9d. to 1s. 7d. per ton, according to the type 
of plant and steel being produced. The cost of 
bottoms varied from 14d. to 43d. per ton. 

As a further approximate guide on this sub- 
ject, if it is assumed, say, for rolling ingots that 
the weight of the mould is similar to that of the 
ingot produced and present prices for ingot 
moulds and mould scrap are accepted, then it can 
be estimated that if the mould gives a life of 40 
casts, the cost per ton of ingot will be about 
ls. 6d. per ton. If the life be 80 casts, the cost 
will be 9d. per ton, if 100 casts 7.2d. and if 200 
casts 3.6d. These figures are not strictly accurate 
because other costs are involved if moulds give 
a short life, but it is sufficient to indicate that if, 
for example, the life of an ingot mould can be 
increased from 100 to 200 casts, other things 
remaining equal, this represents a_ possible 
economy to the steelmaker of the order of 34d. to 
4d. per ton. 7 

It is necessary to recognise, therefore, that 
the possible improvements that can be made have 
a limitation in the value of the possible savings, 
and, as will be referred to later, tha influence on 
the quality of the steel ingot produced is of 
greater importance than the saving to be 
achieved by increasing the life of the mould. 
At the same time it should also be noted that, 
taking an approximate figure of 7,000,000 tons of 
ingots produced annually in this country, an 
economy of ld. per ton represents nearly £30,000 
per annum. 

Sufficient has been said perhaps to establish 
some idea of the value of this service to the steel- 
maker so far as the life of the ingot mould is 
concerned. 


Mould Lives 


The first essential in assessing the value of 
ingot moulds is to have an accurate system of 
recording data. In works of the United Steel 
Companies, Limited, it has been the custom for 
several years to keep a complete record of the 
life of every mould so that the results can be 
analysed by maker,”’ size,”’ type,”’ com- 
position,’’ etc., and as regards the moulds which 


* A Paper read before the Annual Meeting of the Institute of 
British Foundrymen at Sheffield. 


are made within the organisation, additional 
data as to iron mixture, cupola practice, casting 
temperature, analysis, etc., are tabulated. 

Each month is recorded the life of every 
mould scrapped during that period, the cumula- 
tive average for the period is reported and also 
the average for the preceding half year. In 
Table I are given the six monthly average figures 
for a selected number of mould types at the 
various branches. The description will probably 
be sufficient to indicate to those interested the 
type of mould referred to, but if required the 
authors will be happy to provide actual sketches 
of each of the moulds in question. An analysis 
of these figures produces some interesting obser- 
vations. It is seen that over a period of time 
in some shops the lives vary to a considerable 
extent, although it may be said, speaking gener- 
ally, that there has been a general trend towards 
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improvement; in some cases this has been quite 
marked. There are cases where one make of 
mould during a certain period has given con- 
sistently low results, while another make of 
similar mould has given much better results. 
This definitely indicates that the quality of the 
mould is primarily responsible. On the other 
hand, it will be noted that in certain periods 
there has been a tendency for all makes of moulds 
to give lives lower than average, and the general 
explanation in such cases is to be found in a 
change in shop conditions necessitating using 
the moulds with greater frequency. The authors 
have carried out specific experiments on this 
point and the indications have been that condi- 
tions which reduce the temperature to which the 
moulds are heated have a definite tendency tu 
improve their lite. 

It is not proposed to enter into a closer analysis 
of these figures at the moment, but it is sug- 
gested that they will provide a useful basis for 
discussion and a valuable record in that they do 
represent carefully-recorded figures in a series 
of six melting shops operating under different 
sets of conditions. For the benefit of those who 
may not be conversant with the various plants, 
it may be stated that the Frodingham and 
Appleby branches are engaged primarily in the 
production of mild basic structural steels. The 
figures for the Templeborough branch relate 
essentially to mild basic steel but with a propor- 
tion of high-carbon steel. The ingots at the 
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Rotherham branch are of acid steels of high- 
carbon and alloy quality. The Workington 
branch make acid-Bessemer steel of various types, 
while the values from the Fox branch relate to 
acid and basic open-hearth steel, mainly of alloy 
and special qualities. No values for electric steel 
are included in these figures. 

It is at once recognised that such figures must 
depend to some extent on the type of steel being 
made and also to a considerable extent on the 
way in which the moulds are used. As regards 
the influence of the type of steel, it is known 
that mild steel and particularly free-cutting steel 
is more severe on the mould than higher-carbon 
steels, but, on the other hand, it is essential 
that the mould should be in first-class condition 
when casting expensive alloy steels, and a mould 
would be discarded from a shop making such 
steels at an earlier point than would be the case 
in a shop making, say, mild structural steel. 

The value of a good mould in producing better- 
quality ingots is far greater than the intrinsic 
value of increasing the number of lives within 
the range that at present appears possible. 


Influence of Mould Metal on Mould Life 


One ought perhaps to state first personal ideas 
concerning the mechanism of breakdown and 
type of failure which ultimately determines the 
life of the mould, but it has been decided instead 
to present some data concerning the influence 
of composition and deal with these other items 
later. 

The authors propose to confine their attention 
meantime to iron moulds, and it is the fact that 
at least in many works hematite iron has been 
specified, having in mind the higher salvage 
value of the used moulds. Nevertheless, it has 
been suggested that a fairly pure hematite was 
a good choice apart from this, on account of its 
high resistance to thermal shock. It is not neces- 
sary, at a meeting of foundrymen, to outline 
the influence of the various elements normally 
found in hematite iron and describe the effect of 
the various elements on the structure and pro- 
perties of the material. The authors have found 
—and this experience is, it is thought, in full 
accord with that of many other observers—that 
the composition can vary within fairly wide 
limits without any consistent effect on the mould 
life. In other words, moulds having abnormally 
good and abnormally bad lives are found to 
differ only very slightly in chemical composition. 
Far more importance is no doubt to be placed on 
the structure of the material, with particular 
reference to the form and distribution of the 
graphite carbon. 

The authors have noted with interest the 
recent work of the Cast Iron Research Associa- 
tion in this direction, and look forward with 
great interest to the result of practical tests on 
the special type of iron which now promises to 
become available, having a high total carbon, a 
considerable proportion of which may _ be 
graphitic, but in a very fine and evenly-dispersed 
form throughout the structure. 

Uniformity of structure is no doubt also a 
very important matter, having in mind that a 
large proportion of moulds fail by cracking long 
before the surface is sufficiently deteriorated to 
warrant the mould being discarded. 

A general statement of the analysis of the 
moulds that have been used by this company 
would be as follows: —Total carbon, 3.5 to 3.75; 
combined carbon, 0.3 to 0.6; manganese, 0.6 to 
1.0; silicon, 1.9 to 2.3; sulphur, 0.03 to 0.05; 
and phosphorus, 0.03 to 0.045 per cent. There 
is a tendency at the present time to work 
towards a rather lower silicon, say 1.7 to 1.9 
per cent., with manganese higher at 0.9 to 1.1 
per cent. It is also a matter of uncertainty 
whether the low phosphorus previously specified 
is best from the point of view of mould life, some 
evidence being provided that a rather higher 
phosphorus, say 0.06 to 0.08 per cent., is to be 
preferred. In this direction it will be noted 
that some German moulds contained phosphorus 
in the region of 0.2 per cent. 
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Alloyed Cast-Iron Ingot Moulds 
It is interesting to note that none of the 
special heat-resisting qualities of cast iron has 
fulfilled the early expectations that they might 


provide super-quality ingot moulds. There are 


FOUNDRY TRADE JOURNAL 


be used to regulate the content of silicon. a 
careful series of tests on the use of mould metal 
indicates that under one condition of manufac- 
ture the best results were obtained with an 
admixture of 30 per cent. of mould metal. 


TaBLe I.—Siz = Average Lives of Ingot Moulds at the Various Works of the Uv nited Steel C om panies, Ltd. 


To To To To To To To To 
Type of mould. Branch. | Maker. | Dec., | June, | Dec., | June, | Dec., | June, | Dec.. June, 
[ 1934. 1934. | 1933. 1933. 1932. 1932. 1931. 1931. 
70-cwt. Tapered top | | Frodingh: im D 105 97 126 134 128 16 122 
| E — 79 92 110 126 113 
F 100 88 118 98 101 92 90 
> pe ao +s G 89 80 97 125 115 89 81 — 
| 93 80 104 106 105 = 
80-cwt. Tapered top | G 93 - 
” ” ” Cc 51 49 73 65 
70-ewt. Brick top... | 98 99 28 
6-ton _,, -| Appleby | G 45 31 17 1] 
6-ton Long tapered | 
top . -| C 83 62 26 
6-ton Long tapered 
top . ail G 39 32 35 41 40 25 
6-ton ‘Long ‘closed | | 
top .. 72 79 39 38 
6-ton Long closed | 
top . |} E | 838 70 32 4] 
10-ton Long closed | 
top . | D 84 71 20 
10-ton ‘Long “closed 
top . alk E 65 58 42 - 38 
10- ‘Long ‘closed | 
top . G 82 67 — - - 
10-ton Brick top D 53 37 ~ — 
. E 28 42 30 30 -- - 16 — 
15-ton Rammed top ** G 62 54 56 47 43 46 49 41 
21-in. 8.C.T. Temple- B 83.22 | 87.23 | 72.75 | 74.30 | 76.42 | 85.8 85.4 82.4 
borough 
” ’ re G 76.77 | 77.61 | 82.69 | 81.03 | 80.90 | 89.7 96.0 79.0 
” ” F | 99.00 | 97.93 | 86.59 | 92.82 | 84.56 — — 70.5 
” H_ | 79.00 | 90.27 | 79.68 | 76.05 
” C 77.57 | 78.02 | — — | 86.0 | 95.0 | 78.0 
1l-in. Octagon Rotherham B_ | 52.66 | 33.33 | 50.00 | 53.0 | 30.4 | 29.29 | 42.5 | 43.6 
17-in. sq. Centre run *» B | 41.89 | 45.85 | 42.63 | 43.88 | 38.8 40.3 45.33 | 46.4 
18 x 19-in. Closed | | | | 
bottom... # < | B_ | 68.43 | 57.54 | 59.50 | 48.0 | 47.0 | 36.2 | 53.25 | 53.1 
14 x 12-in. Sided | | 
open ended + . | B_ | 41.40 | 34.43 | 46.70 | 49.48 | 30.12) — -- 
19 x 12-in. Sided 
open ended | | 46.51 | 56.56 | 47.92 | 45.20 | 19.0 
19 in. Sq... Workington Cc 54.23 | 43.63 | 54.27 | 45.5 
21 x i | C | — | 64.84 | 58.15 | 55.23 
26-cwt. Plug... en A 40 | 37 33 32 30 37 35 13 
38-cwt. Plug and 
recess (long) A 47 | 41 43 48 59 53 
38-cwt. Plug and re- | 
cess (short) | H | 38 | 39 | — 
38-ewt. Recessed | 39 40 30 19 20 
45-cwt. Plug .. | F 29 30 29 = 19 


Where no figures are inserted, either these particular moulds were not in regular use at the time, or the records 


are incomplete. 


still differences of opinion as to whether some 
of the low-alloyed iron moulds are worth while. 
Personal experience so far has been rather 
mixed, but, on the whole, the authors would say 
that they have no evidence to show that the 
addition of chromium or nickel is worth while. 
In one series of tests the addition of 0.5 per 
cent. chromium at Stocksbridge showed a de- 
finite improvement on 13 moulds, the average 
life being 63, as against an average of similar 
moulds without chromium of 45. <A further set 
of moulds, having additions respectively of 0.25, 
0.5 and 1.25 per cent. chromium, did not con- 
firm the earlier results. Batches of experimental 
moulds containing 0.5 per cent. chromium were 
used at Templeborough and at Frodingham. 
The final reports were that there was no im- 
provement in the life of the moulds. 

Experimental batches of moulds containing 1.0 
per cent. nickel showed no advantage; in fact, 
the results were inferior to those of the stan- 
dard composition. There is, however, some in- 
dication that somewhat higher manganese would 
be advantageous, and moulds containing 13 per 
cent. manganese are under test at the present 
time. 

The authors have examined the influence of 
the admixture of steel scrap, and also the in- 
fluence of the proportion of scrap mould metal 
used. No advantage was gained by the admix- 
ture of steel scrap except in so far as this may 


Extensive trials have also been made compar- 
ing cupola-melted iron with a mixture of mixer 
metal and refined iron. The latter proved to be 
somewhat superior, but moulds made from all 
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special alloys which naturally arise in one’s 
mind. 

The above comments are necessarily somewhat 
brief and sketchy, but they do tend to indicate 
what is felt to be the right line of progress, 
namely, that a most satisfactory and economical 
mould will be one which does not depend essen- 
tially on the addition of expensive special alloys, 
but on obtaining the correct structure in a suit- 
able hematite iron. The subject has, of course, 
been referred to by many other writers, but it is 
not proposed to give a lengthy statement of other 
published data. The subject is having the atten- 
tion of the Heterogeneity of Steel Ingots Com- 
mittee, and has been referred to in several of 
their reports. Morawa (loc. cit.) makes a use- 
ful contribution to this subject, and Table II 
is reproduced from this Paper. In the recent 
Paper by Blakiston (loc. cit.) one is again told 
that, after the careful observation of over 250 
moulds, it was found that the analysis, within 
reasonable limitations, had no influence on the 
subsequent life of the mould. Moulds of identical 
analysis gave 13 and 120 lives respectively. He 
suggests that the most suitable analysis is:— 
Total carbon, 3.50 min.; combined carbon, 0.50 
max,; silicon, 1.80; manganese, 1.20 max.; 
sulphur, 0.03 max.; and phosphorus, 0.06 per 
cent. max. He makes an interesting statement 
that the best results are obtained by blending 
equal proportions of two different makes of 
hematite, one high and one low in silicon, to 
gether with small additions up tu 6 per cent. of 
steel scrap. 

The editorial in Tae Founpry TrapE 
Volume 52, February 28, 1935, also draws atten- 
tion to an interesting statement by Mr. J. 
Léonard, President of the Belgium Foundry- 
men’s Association. Firstly, that different types 
of moulds fail in different ways, concerning 
which it is hoped to say something later, and 
gave as his opinion that, as regards composi- 
tion, the total carbon should be 3.5 per cent., 
manganese 0.4 to 0.5 per cent., with 1.7 per 
cent. of silicon, while further Continental re- 
search workers have standardised on 3.75 per 
cent. carbon and 1.2 per cent. silicon. Mr. 
Léonard also attaches considerable importance 
to grain size. 

Mr. Blakiston refers to the much longer lives 
obtained on the Continent, mentioning figures 
for 4-ton moulds up to 400 casts. Morawa 
appears to regard 250 casts as a normal life. 
This matter has naturally had the authors’ close 
attention. They believe, on the one hand, that 
in Continental practice, where such lives are 
obtained, moulds are continued to be used far 
beyond the point at which they would be 
scrapped in this country on account of the in- 
fluence on the quality of the surface of the re- 
sulting ingot, but, nevertheless, there is good 


TaBLe II.—Analyses of Cast-Iron Ingot Moulds. 


Hruska. 
Legrand. Shiokawa. a. 2. | Works A. Saar Works. |Witkowitz. 
Per cent. Per cent. |— \——— | Per cent. Per cent. Per cent. 
Per cent. | Per cent. 
T.C. 3.25-4.95 2.5-3.5 2.5-3.5 | 2.53.0 | 3.43.9 4.04.6 | 3.9 
| as desired. | 
Gr. ..| 80 per cent. | 70 per cent. Not given Not given 70-80 80-88 3.1 
| ofthe T.C. of the T.C. 
Si ..| 70 per cent. 1.0-2.0 1.0-1.5 1.0 } 2.03.0 |; 1.9-2 2.2 
of the T.C. | | not ae 1. 8 
Mn ne 0.5-0.8 0.5-1.8 | 0.75-1.20 | 1.0-1.8 | 0.5-1.2 | 0.45 | 0.59 
P ..| max. 0.100 under 0.2 under 0.15 under 0.15 | 0.08-0.12 | under9.10 | 0.19 
| | | 0.06-0.07 
Bi; .-| max. 0.050 under 0.06 under 0.06 | under 0.06 0.01-0.03 0.05-0.06 0.039 
| preferably 
| under 0.04 
| since Cu high | 
Cu max. 0.2 — | } 0.11 
Cr 0.05-0.50 = | 0.25-0.50 | under 0.20 | 


Legrand.— Fond. mod.” 20 (1926), S. 181/88. 
Hruska.—“ Iron Age,’ 123 (1929), pp. 539/41. 


refined iron were no better than the standard 
cupola iron. The use of molybdenum has been 
advocated, but no convincing results are yet 
available. The same applies to certain other 


Shiokawa.—* Stahl und Eisen,”’ 


reason to believe that both from the point of 
view of the quality of the mould and the care 
taken in its use, Continental practice on the 
whole is somewhat ahead of the average practice 


43 (1923), p. 1140. 
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in this country. Some years ago, the authors 
»btained some moulds from Germany, and the 
results may be of interest. One batch obtained 
in 1930 had the following average composition : 
—Total carbon, 4.0; combined carbon, 0.6; sili- 
con, 0.65; manganese, 1.15; sulphur, 0.014; and 
phosphorus, 0.23 per cent. These were not of a 
type on which strictly comparable results with 
existing types were obtainable, and therefore a 
further set of six moulds was obtained on the 
standard 2l-in. S.C.T. ‘type in common use in 
the Templeborough plant. A complete analysis 
of each of the six moulds is given in Table III, 


TaBLe III.—Composition and Life of German Moulds. 


Mould! si. | 8. | P. | Mm. | Ni. | Cr. 
NO. | | | | 

1 | 3.82) 0.55] 0.86.0.060/0.166) 0.75) 0.04) 0.10 

2 | 3.83) 0.60) 0.85'9.067)0. 162) 0.60) 0.03) 0.08 

3 | 3.77) 0.44 165; 0.63) 0.04; 0.07 

4 0.99:0.070.0.186) 0.56) 0.02) 0.04 

5 3.72) 0.57 0.91.0.064,0.177) 0.58) 0.05) 0.06 

6 | 3.70) 0.57) 0.86.0.053.0.180) 0.54) 0.04) 0.07 

No Life Type of Failure. 

l 137 | Cracked slightly after 132; kept in 
use until not safe to use further. 

2 159 Cracked-up corner of mould. 

3 102 Cracked-up corner of mould. 

+ 138 | Cracked-up corner of mould. 

& | 127 Cracked-up corner of mould after 102 
casts; kept in use until not safe to 
use further. 

6 116 Ciacked after 72 casts: kept in use 


until not safe to use further. 


together with the lives obtained and the type of 
failure. Attention is directed to the compara- 
tively low silicon and the high phosphorus. 

The average life of six moulds was 129.6 casts, 
with a consumption of 16.4 lbs. of mould metal 
per ton of steel made. It was reported that the 
moulds were particularly tough to break up 
compared with standard moulds. 

The microstructure showed a fairly even dis- 
tribution of graphite in definitely finer formation 
than that of a standard mould. At the time of 
this trial, the average life of domestic standard 
mould was 95 and the company was advised 
that the German mould was giving a life of 200 
casts in Germany. It could therefore be caleu- 
lated that, had the values of the moulds and 
resulting scrap been similar, the German mould 
would show an advantage of 2.06d. per ton if 
used in accordance with English practice and an 
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additional 1.96 per ton if used in accordance with 
German practice and a total of 200 lives ob- 
tained. In point of fact, of course, the German 
moulds were much more expensive and the value 
of the resulting scrap was lower. It did, how- 
ever, establish these two points, namely, that the 
mould material of these German moulds was 
superior to domestic, and secondly, that if the 
figures are accepted, German practice is capable 
of prolonging the life of the moulds to the ex- 
tent stated, with the proviso that the quality of 
the ingot produced towards the end of the life 
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would probably be unacceptable for many of the 
classes of steel and standard of inspection to 
which the steelmakers are called upon to work in 
this country. 
Influence of Design 

It is not within the scope of this Paper to enter 
into a detailed statement on this particular sub- 
ject. Many important Papers have been read 
and several bibliographies are available to those 
interested. Quite properly, most of these Papers 
have had reference to the influence of mould 
design on the characteristics of the resulting 
ingot, because, as has before been stated, the 
saving of one or two per cent. in the yield of 
satisfactory steel is of far greater importance 
than extending the mould life. At the same 
time, a careful study of the way in which moulds 
fail, indicates that some assistance can be given 
in design, quite apart from improving the quality 
of the mould metal. 

It is also at once clear that the design of mould 
should have particular reference to the type of 


Mr. G. R. Botsover. 

steel being made in that the mould which is most 
satisfactory and economical in the one case is 
definitely not so in the other, when one con- 
siders the wide range of steels produced, ranging 
from the perfectly solid alloy-steel ingot with con- 
siderable taper (probably corrugated sided) and 
equipped with feeder head; the larger ingots em- 
ployed for semi-killed steel for structural pur- 
poses; and the mould specially designed for the 
most economical production of rimming steel. 
The factors of ratio of length to diameter, taper, 
shape of sides (1.¢., flat, convex, concave or corru- 
gated), corner radius, thickened bottoms, ete., all 
require to have careful consideration. 

Having standardised the type of mould, it is 
possible to work out more accurately the influence 
of one or other variable on the economic value. 
One such set of experiments is given relative to 
the influence of wall thickness. 

Having standardised the 2l-in. S.C.T. mould 
at Templeborough, a series of moulds were made 
having a wall thickness respectively of 2} in., 
3 in., 34 in., 33 in., 4 in. and 4} in. Six moulds 
of each thickness were made and used under as 
nearly similar conditions as possible. The results 
fell on to a perfectly definite curve and the 
results are shown in Fig. 1, indicating quite defi- 
nitely that 3-in. wall thickness was the most 
economical for this type of mould. This is quoted 
nierely as an example, and it is readily possible 
for any user to ascertain for himself similar data 
for other types of moulds. It may be added that 
this has since been checked on other extensive 
series within the region 3 in., 3} in. and 4 in. for 
the mould in question and the desirable thick- 
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ness of 3} in. confirmed, and that in these tests 
such items as the complete analysis of every 
mould, foundry casting temperature and condi- 
tions of use have been most carefully controlled 
te ensure that the comparison was valid. 

The life of the mould will obviously be appre- 
ciably affected according as to whether the mould 
ix used for running direct or casting the ingots 
through a centre bottom runner. The latter 
system is kinder to the mould, avoiding risk of 
cutting by the metal stream due to contact with 
either mould wall or bottom, but the system 
adopted must be decided by the effect on the steel 
produced rather than mould life. Another factor 
is the use of separate mould bottoms with open- 
ended moulds which gives a definite improvement 
in mould life, whether casting uphill or direct. 

It is again insisted that the ingot mould is 
merely a means to an end, and the first impor- 
tant decision to be made in any melting shop is 
the most suitable shape, size and weight of ingot 
to give the maximum production of sound steel, 
together with the most advantageous method of 
manipulation. Tt is clearly important to decide 
in a mass-production plant whether the standard 
ingot shall be 24 tons, 3 tons, 4 tons, ete., and 
this requires to be decided alongside the capa- 
city of the mills before the finer points of mould 
design can be settled. 


(To be continued.) 


Suggestions for Research on 
Steel Castings 


In a written contribution to the discussion on 
the Paper presented to the Sheffield Conference 
of the Institute of British Foundrymen by Prof. 
J. H. Andrew, D.Sc., Dr. W. H. Hartrierp, F.r.s. 
(Sheffield), wrote that he entirely agreed with 
Professor Andrew that the greatest trouble in 
castings was in respect to blowholes and = con- 
traction cavities. As regards the systematising 
of the method of feeding, whilst he agreed that 
this was most desirable, the types of casting were 
so varied that it would be difficult to lay down 
any simple set of ruies and the various foundries 
each had their own methods of procedure accord- 
mg to their individual experience. Work, how- 
ever, was being done by the Steel Castings 
Research Committee on this point. 

The writer agreed that an extensive research 
on the influence of added elements on contraction 
would be most valuable, but pointed out that 
this would not eliminate the large solid con- 
traction which, owing to the different rates of 
cooling throughout the mass, was at least of 
equal importance. 

As regards facing sands, the requirements 
varied according to the form of castings being 
made, and from this point of view a foundry 
working on repetition work, producing large 
quantities of castings to a particular pattern, 
had a great advantage. At the same time, a 
foundry producing castings of miscellaneous 


types had greater facilities for studying the 
response of different mixtures to the varying 
factors. 

He was afraid that Professor Andrew was 
somewhat optimistic in his view that forged 


material might be generally replaced by heat- 
treated castings. 

With regard to alloy steel castings, the writer 
did not consider that the fact that the critical 
point was below 400 degrees C. was any guar- 
antee of safe heat-treatment. Such alloys were 
most probably air-hardening and high internal 
stresses had to be met during and after cooling. 

As regards details of practice, such as the 
atmosphere of the melting furnace, casting tem- 
peratures, and fluidity, he agreed that these 
were of great importance but, whilst it should 
be recognised that it was desirable to have full 
knowledge of these influences, and to regularise 
practice where possible, there was a limit to the 
extent to which this could be applied in foundry 
work, 
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Brussels International Foundry 
Conference 


SEPTEMBER 


As previously announced, an international 
foundry congress will be held in Brussels from 
September 20 to 29 at the Brussels Exhibition. 
It is organised by the Belgian Foundrymen’s 
Association under the auspices of the Foundry- 
men’s International Technical Committee. The 
following is the provisional programme : 


Friday, September 20. 

9 to 10.30 a.m.—Registration of participants. 

10.30 a.m.—Official opening of the Congress 
under the chairmanship of the Minister of 
Economic Affairs; address of welcome by the 
President of the General Committee; reply by 
the President of the Foundrymen’s International 
Technical Committee (Mr. Gierdziejewski, of 
Poland). 

12.30 p.m.—Luncheon at the Exhibition. 

2.30 p.m.—Technical session. 

6 p.m.—Meeting of the International Com- 
mittee. Evening free. 

Saturday, September 21. 

9 a.m.—Works visits. 

L p.m.—Luncheon at the Exhibition. 

2.30 p.m.—Technical session designed to in- 
terest foremen and charge hands. 

Later.—Reception by the civic authorities at 
the City Hall. 

Sunday, September 22. 

10 a.m.—Technical session designed to interest 
foremen (a special organisation has been created 
for the reception of this grade of participant). 

1 p.m.—Luncheon for the specific purpose of 
meeting with the foremen and chargehands. 

3 p.m.—-Visit to the ‘‘ Alberteum ”’ Palace of 
Science. Afternoon free. 


~ 


Monday, September 2: 


9 a.m.—Visit to Bruges. 


Tuesday, September 24. 

9 a.m.—-Works visits. 

1 a.m.—Luncheon at the Exhibition. 

2.30 p.m.—Technical session. 

4.30 p.m.-—-Meeting of the International Com- 
mitiee for the Testing of Cast Iron. 

6.60 p.m.—Reception at the Exhibition by the 
Committee of ‘ Old Brussels.”’ 


Wednesday, September 25. 

9 a.m.—Technical session. 

1 p.m.—Luncheon at the Exhibition. 

3 p.m.—Works visits. 

8.30 p.m.—Closing banquet under the presi- 
dency of the Minister for Economic Affairs. 

September 26 to 28. 

Excursion to the Valley of the Meuse and the 
Belgian Ardennes, passing through Waterloo, 
Namur, Dinant, the Han Grottos, Chateau 
d’Ardenne, Spa and Liége. At Liége there will 
be more works visits and a ‘‘ Goodbye dinner ”’ 
is to be given to the foreign visitors. 


PAPERS 
The following Papers have been promised :— 


H. 


(1) ** Machinability,’’ by 
(British Exchange Paper.) 

(2) ‘‘ Special White Irons,’’ by M. Balay and 
— Chavy. (French Exchange Paper.) 


Beeney. 


20 TO 29 


(3) Soundness of Steel Castings,’ by 
M. J. Obrebski. (Polish Exchange Paper.) 

(4) ‘‘ Researches on Artificial Core Oils,’’ by A. 
Swagerman. (Dutch Exchange Paper.) 

(5) ‘‘ The Commercial and Technical Poten- 
tialities of Malleable Cast Iron,’”’ by H. A. 
Schwartz. (American Exchange Paper.) 

(6) ‘‘ Proposals for the establishment of an 
International Understanding for the Control of 
Moulding Sands,”’ by Prof. Dr. Aulich. (German 
Exchange Paper.) 

(7) ‘‘ The Influence of Titanium on Primary 
Crystallisation, especially Steels with Reversible 
o-y Transformations,’’ by E. Valenta and F. 
Poboril. (Czecho-Slovakian Exchange Paper.) 

(8) ‘‘ A Study of Internal Stresses and Work- 
ing Deformation in Grey Cast Iron,’’ by Prof. 
Navarro Alcager. (Spanish Exchange Paper.) 

(9) Italian Exchange Paper (subject and 
author to be announced later). 

(10) ‘** The Application of Electricity in the 
oundry,’’ sponsored by the electric supply com- 
panies. 

(11) Electric-are Furnaces,’ by M. Bou- 
tigny. 

(12) ‘“‘ Radiation Furnaces: Their Application 
in the Foundry and General Metallurgy,’’ by M. 
George. 

(13) ‘‘ The Use of the Induction Furnace in 
the Steel Foundry,’’ by L. Dewier. 

(14) ‘“‘ The Improvement of Cast Iron by Heat- 
Treatment,’’ by Prof. E. Piwowarsky. 

(15) ‘‘Churned Iron and Soda-Ash_ Treat- 
ment,’’ by Prof. Girardet. 
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(21) ‘‘ Alloys Cast under High Pressure,’’ by 
Dr. Jeniceck. 

(22) ‘‘ New Experiments on the Modulus of 
Elasticity in Cast Iron,’’ by J. Challansonnet. 

(23) ‘‘ Metallic Losses encountered when 
Cupola Melting,’’ by C. Henon. 

(24) “A Study of Sand Ramming,”’ by Fr. 
Boussart. 

(25) The Properties of some Alloyed Special 
lrons,’’ by Jean Challansonnet. 

(26) ‘‘ Soda-Ash Treatment in Iron and Steel 
Foundries,’’ by A. G. Lefebvre. 

(27) ‘‘Spongy Porosity the 
Fhenomenon,’”’ by M. Kagan. 


Léonard 


(28) ‘‘ Centrifugal Cleansing of Pig-iron,’’ by 
EK. Vroonen. 

(29) ‘The Classification of Malleable Cast 
Iron,’’ by Marcel Remy. 

(30) Subject to be announced later, by M. 
Gysen. 

(31) ‘“‘ Proportions to give to Fillets,’ by R. 
Paquet. 

(32) ‘* Tests for the Standardisation of ‘ Life ’ 
Tests,’’ by M. Remy. 


For further information our readers should 
write to either Mr. R. Deprez at 57, Rue de 
VAcadémie, Liége, or Mr. T. Makemson at St. 
John Street Chambers, Deansgate, Manchester. 


Oxy-Acetylene Welding 


The accompanying illustration shows one of 
the new fleet of ten demonstration cars which 
The British Oxygen Company has just put into 
commission. These cats constitute a valuable 
new service from which both potential and 
present users of the oxy-acetylene process should 
derive great advantage. 

Inside the car on a wooden frame shaped to 
hold them, there are ten small cylinders of 


Oxy-ACETYLENE WELDING DEMONSTRATION Car 
BY British Oxygen Company, LIMITED. 


(16) ‘‘ The Development and Use of Refined 
and Alloyed Pig-iron in Great Britain,’’ by G. T. 
Lunt. 

(17) ‘* The Part Played by Oxidation and Sur- 
face Tension in the Casting of Aluminium,’’ by 
A. Portevin and M. Bastien. 

(18) ‘** The Use of the Rotary Furnace,”’ by M. 
Boutigny. 

(19) ‘‘ Melting in the Cupola and Rotary 
Furnave,’’ by Fr. Boussart and J. Goffart. 

(20) ‘‘ Industrial Applications of Low- 
Chromium-Content Irons,’’ by A. Le Thomas. 


gases lying down the length of the car with 
regulators, cte., facing the entrance. This is 
in order that the demonstrator can quickly fit 
up the blowpipe he wishes to use to the cylin- 
ders needed and demonstrate outside the van 
on a folding welding table provided. Welding, 
cutting, or leadburning can be demonstrated 
successively if required by hooking up the 
first blowpipe used and taking down the next 
required, which is ready for use coupled up 
to another pair of cylinders, Or, several 
operators can work simultaneousdy on the same 
or different classes of work, 
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Relationships in Cast-lron Test Results 
By G. L. HARBACH 


(Concluded from page 72.) 


Relation between Tops and Bottoms of Bars 

It is generally accepted that the bottom of a 
bar cast on end is stronger than the top and that 
modulus of rupture increases with decreasing 
span. These two factors were considered to- 
gether, and the conclusions drawn from the same 
series of tests. The results are given in Tables 
IV, V and VI. 

Comparing the results obtainea from top and 
bottom halves of bars the latter are slightly 
higher in average strength but in no instance 
is the gain consistent. Individual bars gave 
results differing as much as 10 per cent., the 
higher strength not always being from the 


TABLE IV.—Average Results of 13 2-in. by 1-in. by 40-in. 
Bars, Cast from the Same Mixture and Tested at 
36-in. and 12-in. Spans. 


TRANSVERSE MoouLUS OF RUPTURE 
DOLE AT 36° | ToP HALES AT le |BOTTOMHALES AT le’ | 
Tons O'| [Tons O'Mor36 Tons |%oF 36 MEAN 
Mean | |100 | 82:7 1055 | 229 10@'5 
HiGH 237 266 124-5 266 124-0 
Low | 204 |960| 000 | S50 | 207 | 935 
DEFLECTION. 
Ins |% | INS ING | % oF 30’MEAN 
MEAN | 0'404 | 100 | Oil 27-6 310 
MiGH | O452 | | 50:0 0137 34:0 
low (825 | Cos! 22-6 0-094 23-3. 
bottom half. Table V gives the results of two 


series of 14 bars each, one of which showed no 
difference in strength between tops and bottoms 
and the other showed the bottoms to be strongest 
by 1 ton. This is representative of the results 
generally obtained and leads to the conclusion 
that there is little difference in strength as a 
rule, but when there is a difference it is gener- 
ally in the direction of higher strength in the 
bottom of the bar. 

Tensile strength has not been considered so 
thoroughly as transverse, but it may be men- 
tioned that out of six bars from an iron con- 
sistently close to 14 tons tensile, five did not vary 
more than 0.3 ton and the sixth gave 13.9 and 
15.0 tons from top and bottom respectively. This 
appears to confirm the conclusion reached with 
regard to transverse, although the result of 15 
tons is so high for that particular iron that it 
might be considered a freak. 

To check further the effect of length of bar on 
strength, the top and bottom of a runner 9 ft. 
long and 2} in. dia. were tested at 30 in. span 
as cast, and the broken halves used for further 
tests. The extreme top and bottom ends were 
machined to 1.5 in. dia. for testing in transverse 


at 12 in. span and the other halves for tensile 
tests on 1.595 in. dia. The results obtained 
were : 


Top. Bottom. 
Tons per 
8q. in. 
Transverse as-cast 2} in. wand 
30-in. span 23.0 23.7 
Transverse machined to 1.5 in. 
dia., 12-in. span 24.5 21.8 
Tensile 1.595 in. dia. 12.1 10.9 
Brinell hardness Nos. 207 187 


The ‘ as-cast ’’ result is doubtful as the sand 
had burnt on about } in. thick on the bottom 
bar and was considered as having no strength 
when the modulus of rupture was calculated—an 
:allowance which the other results suggest was 
too generous. All three fractures of the bottom 
‘bars were more open than the top fractures. It 
‘is not suggested that these results are directly 
scomparable with those of test-bars, owing to the 
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difference in casting and cooling conditions, but 
they are the most extreme examples available ot 
bottom in relation to top, and are included as a 
matter of interest chiefly because the results 
were contrary to expectations. 


Effect of Span on Modulus of Rupture 

In Table VI the results from three mixtures 
are shown so that high and low strength and 
percentage variations from the mean are no 
guide to the consistency of the mixture, but in 
Tables IV and V both sets of results were from 
the same mixture—although cast at different 
periods—so that, apart from the factors under 
review, they serve to show the relation between 
2 in. by 1 in. and 1.2 in. dia. bars. Under the 
standard conditions of testing, both series show 
variations from 10 per cent. above to 5 per cent. 
below the mean, and the results of the short bars 
show wider variations, so, although there is a 
definite increase in average strength when the 
span is shortened, it is not consistent, and, in 
fact, occasionally the shorter bar is the weaker 


TaBLE V.—Average Results of Two Sets of 14 Specimens, 
26-in. by 1.2-in. Dia. Bars, Cast from the Same 
Mixture and Tested at 18-in. and 12-in. Spans. 


“TRANSVERSE MODULUS OF RUPTURE 
[MIDDLE AT AT T TOM HALVES ATI 
% oF Mean |Tows [% oF Mean | 
Finst Ser | 260 - - 275 - 
Second Set | 25:7 259 - 259 - 
Mean 258 | 100 | 267 
HIGH 285 | 10'S | 201 302 
Low 94 | 230 89 24:7 96 
OEFLECTION 
ws | % Ins. ori Mean| |%or Mean 
First SET - 0-121 - 0125 - 
|SeconoSer|o19a| - loves - 
Mean |0198| 100 |o1es 62 62 
HIGH o228) 15 |0137 73 
Low. 0172) 87 |0108 545 o-108 
of the two. This is most marked in Table VI, 


which shows that the lowest results for top and 
bottom halves at 12-in. span are 1.6 and 0.4 tons 
below the lowest for the 24-in. span and the 
highest result was obtained from a 24-in. bar. 


The following summarises the conclusions from 
Tables IV, V and VI:— 


Deflection 
pa decreased. 
Se | | Per cent. 
approx. 
2 by 
lin.| 36 | 12 |46 |+14 |-2 72 
1.2in. 
dis.| 12 | — | — 
1.2in. 
dia. | 18 | 12 |42-5!4+7  |-5 = 


Reviewing the results as a whole, it may be 
accepted that for any series of tests the average 
results are highest when the span is shortest 
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and the greater the difference in span the greater 
the difference in strength, but the relationship is 
not sufficiently consistent to apply it with 
accuracy to any particular bar, although, if the 
limits are appreciated, it may be of use as shown 
below. 

Dealing with the 1.2-in. dia. bars shown in 
Table V, as the most likely to be of practical 
importance, the results from 12-in. bars may be 
expected to be about 0.8 ton higher than the 
results from 18-in. bars, with the possibility that 
the difference may be + 1.5 tons. Actually, the 
differences in individual bars were slightly wider 
as the high and low results, at 18 in. were not 
always from the same bars which gave the high 
and low results at 12 in., but invariably the 
average from each pair otf bars fell within the 
limits shown. (This remark also applies to the 
results in Tables IV and VI for their respective 
spans, and also the deflection results in each 
table.) Assuming a pair of 1.2-in. dia. bars cast 
26 in. long gave variable results when tested at 


Tas_e VI.—Average Results of 14 Specimens of 26-in. by 
1.2-in. Dia. Bars Cast from Three Different Mixtures 
and Tested at 24-in. and 12-in. Spans. 


Transverse Mooucus oF RuPTuRE 

MIOOLE AT 24)Minoce AT |BorTom 

Mean | 2@3 | 100 | 273 |103-7 | 273 | 087 | 274 | 044 
HiGH 320 |292 aro | 8 
Low 243 |925 | 250 | 95 | 227 |8@5 |239)| 

DEFLECTION 

INS % | INS ws ins 
Mean | 034) | 100 |335|0122 | 358 36 
HiGH |0395 | 16 |0140| 4! [0140 | 4! 59 
Low | 0293 | 8@ |0-098 | 28:7 | 0100 |@94 jo107) 

18 in., either with or without apparent flaws to 


account for the difference, the testing of each 
half would yield four more results, which could 
be calculated within known limits to the results 
at 18 in., thus allowing a more accurate conclu- 
sion to be drawn than would be possible from 
the first results. The factors required are 0.97 
for the modulus of rupture and 1.6 for the de- 
flection. Taking a pair of bars used in Table V, 
which gave the widest variation, as an illustra- 
tion, the results were 26.9 and 24.8 tons at 18 in. 


(both being apparently sound), and 28.1, 27.4, 
30.2 and 27.7 at 12 in. The mean at 12 in. 
was 28.35 tons, multiplied by 97, gave 27.4, 


which confirmed the higher of the two first 
results. 

Examination of Table VI shows that for bars 
tested at 12 in., and each half again tested at 
12 in., no difference in average strength occurred. 
This confirms the experience of Pearce’ that 
‘the material on either side of a transverse 
break can be used with safety for further tests 
without risk.’ 

The deflection results given in Tables V and 
VI were all corrected for errors in bar size, 
but as the load varies as dia.* and the deflection 
as dia.* in the opposite direction, once the cor- 
rected load has been calculated, three-quarters 
of the error in deflection is adjusted, and the 
remaining error is rarely significant. Actually, 
it is approximately 0.0017 in. for 0.0l-in. error 
in dia. on the 1.2-in. dia. bar tested at 18 in. 
from the formula :— 


Corrected deflection = 
Actual deflection x actual dia. 
Standard dia. 


Relationship between Different Sizes of 
Test-Bars 


This investigation was carried out to find in 
what way the strength of different sizes and 
shapes of test-bars compared, and naturally 
links up with the effect of section size on 


strength. From two sets of curves in the Paper 
by Pearce*® the broad conclusion might be drawn 
that strength decreases as the section increases, 
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and the effect may or may not become more 
pronounced as the silicon rises (or strength falls), 
a variation which appeared to be dependent on 
factors apart from composition. With this in 
mind, it was decided to calculate the mean 
strength of different bars in groups of 1 ton 
tensile based on the strength of the 1.2-in. bar. 
The results obtained are tabulated in Tables VII 
and VIII. 

It will be noticed that the results of only four 
l-in. by l-in. bars were available for compari- 


TaBLeE VII.—Transverse Strength Relationship between 
Various Test-Bars. Mean Result of 1.2 Dia. Bar 
taken as 100 for each Group. 
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son. This was due to the fact that this size of 
bar has rarely been used since the round bars 
were adopted, and in consequence the ratios 
shown cannot be accepted with the same confi- 
dence as those obtained from larger numbers 
of bars. Tests to determine the relationship 
between 2-in. by l-in. and 1-in. by 1-in. bars 
were carried out about 20 years ago by the late 
G. Hailstone,’ who concluded the factor for 
transverse breaking loads was 1.15 instead of the 
theoretical 1.33, which showed the 1-in. by 1-in. 
bar to be relatively the stronger of the two. The 
results in Table VII support this, but are insuffi- 
cient to establish a ratio. 

When round bars were used, it was soon 
realised that in transverse strength they were 
relatively stronger than rectangular bars. Bach* 
shows that variations also occur with other sec- 
tion shapes. Several workers have investigated 
the relation between 2-in. by l-in. and 1.2-in. 
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vary up to 15 per cent. or more about the mean. 

Considering the tensile strength, both the 
2-in. by l-in. and 1-in. by l-in. bars show a 
higher ratio than for transverse—92 and 94, 
against 85 and 90 respectively—which again in- 
dicates the lowering effect of rectangular sections 
on transverse test results, and shows why the 
curve of transverse/tensile ratios is lower for 
2 in. by 1 in. than for round bars in Figs. 1 
to 4. Whilst the 2-in. by 1l-in. transverse 
strength is rather lower than the 2.2-in. dia. 
bars, the tensile is equal to the 1.65-in. dia. bar 

an increase of about 8 per cent., making the 
ratio to the 1.2-in. dia. bar 0.92 instead of 0.85 
as in transverse. If the 1.65-in. dia. by 24-in. 
bar is adopted with a view to giving the same 
breaking loads as 2 in. by 1 in. by 36 in., it 
would need to be reduced to 1.6-in. dia. This 
would not affect the close tensile results, and the 
span/diameter ratio would then be exactly the 
same as the 1.2-in. dia. bar. 

Turning to the results of round bars, it was 
expected that, as the strength increased, the 
percentage difference in each size of bar com- 
pared with the 1.2-in. dia. bar would decrease, 
but, except in very low- and very high-strength 
irons, such an effect is not noticeable, and for 
practical purposes the mean of each series is 
applicable to all the usual grades under the con- 
ditions of manufacture and testing. There is a 
steady reduction in strength as the section is 
increased, and, apart from the 0.875-in. dia. bar, 
which seems to gain a little more in tensile than 
transverse by the smaller section, both strengths 
are reduced to the same extent. Factors, taking 
the 1.2-in. dia. bar as standard, are the mean 
results divided by 100. 

Effect of Section Size on Strength 

The fact that cast iron is lowered in strength 
by increasing section is well known and may, 
by undue emphasis, be used to its detriment. 
but it is often overlooked that the same effect 
occurs to some extent in all metals both cast and 
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cation, the average ratio between 2-in. by 1-in. 
by 24-in. and 1.2-in. dia. for 39 sets of bars in 
triplicate is given as 0.84, and for other rectan- 
gular and round bars as 0.83, both being very 
close to the 0.85 shown in Table VII, and the 
results of Tables IV and V, which work out at 
0.834. It may therefore be accepted that the 
1.2-in. dia. bar is approximately 20 per cent. 
stronger than the 2-in. by l-in. bar in trans- 
verse strength, although individual results may 


Errect oF NICKEL ON BRINELL 
HARDNESS. 


Fic. 8. 


forged. Moreover, it is probable that early 
investigations from which the conclusion is drawn 
were carried out on irons of lower strength and 
made with less scientific control than modern 
irons, both factors tending to give exaggerated 
results. In support of this view the following 
may be quoted from the A.S.T.M. Symposium on 
Cast Iron, dealing with mass effect: ‘‘ Irons pro- 
duced by foundries with adequate metallurgical 
control vary less in properties from section to 
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section than irons formerly used ’’—an opinion 
held by the B.C.1.R.A. and other workers in 
this field. 

An early experiment to study the effect of 
varying section and to compare a 1 per cent. 
nickel irot with an unalloyed iron was carried 
out by casting two “‘ pyramid ”’ bars 14 in. long 
tapering from a point to 4 in. square. The 
analysis of the iron as tapped was: —T.C., 3.17; 
Si, 1.02; Mn, 0.97; S, 0.09, and P, 0.3 per cent. 


VII].—Tensile Strength Relationship between 
various Test-Bars. Mean Result of 1.2 in. Dia. Bar 
taken as 100 for each Group. 
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To one shank was added 1 per cent. of 50 per 
cent. ferro-silicon, and to another 1 per cent. 
nickel. The final silicon content was 1.46, and 
the nickel 0.9 per cent., so that the compositions 
were not quite in balance for true comparison, 
and later experience placed the ratio of nickel 
to silicon at 3 to 1 instead of 2 to 1 as sought in 
this experiment. The pyramid bars were slotted 
along the middle of two opposite sides and then 
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broken across by a wedge. One half of each was 
planed flat for Brinell-hardness tests which gave 
the results shown in Fig. 8. The fractures were 
also compared and the depth of chill and mottle 
in each clearly indicated the lack of balance 
between nickel and silicon. The nickel iron 
showed the more chill and was slightly harder 
throughout, but the grain size of both bars was 
practically identical except for the unalloyed 
iron being the more open at the centre of the 
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3-in. and 4-in. sections. It is probable that if 
the silicon had been low enough to match the 
chill of the nickel iron it would have been even 
closer to the nickel iron in hardness and grain 
siz. Enough information was obtained to con- 
clude that nickel addition promoted uniformity 
in varying sections, but the iron already in use 
was not affected in hardness or grain size to the 
extent anticipated. 

The mean results given in Tables VII and 
VIII show the strength relationship between the 
four standard test-bars in use, and it was 
recently decided to investigate the effects of 
further increase in section. With this end in 
view a 14-in. by 5-in. dia. bar was cast to repre- 
sent the thickest section likely to be required in 
the mixture used. Five bars were cut—two from 
the extreme edge, one from the centre and two 
as near the centre bar as possible—and machined 
to 1.2 in. dia. After breaking in transverse the 
bottom halves were machined to 0.798 in. dia. 
tensile test-pieces and tested, and also tested for 
Brinell hardness. From the results obtained the 
strength of the 5-in. dia. bar was calculated. 
The results, and those of a complete set of bars 
from the same mixture, are shown in Figs. 9 
and 10. The former includes the results of other 
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workers for comparison. From this it will be 
seen that whilst increasing section invariably 
causes loss of strength, in most cases there is less 
relative loss with the high-strength irons, and the 
5-in. dia. bar from a 15- to 16-ton iron compares 
favourably with the results of other investi- 
gators. The loss is only about 20 per cent. when 
the section is increased from 1.2 in. to 5 in., 
from which the conclusion may be drawn that 
under the conditions of manufacture, when 
strength is a primary consideration, the iron 
used will not be seriously affected by thick 
sections. 

The results given in Table III have already 
indicated that the loss in transverse strength 
caused by machining to various depths was not 
severe, and Fig. 10 shows that even when the 
5-in. dia. bar was machined to 0.798 in. dia. 
(2.5 per cent. of the original area) it still re- 
tained 86 per cent. of the tensile strength of the 
original bar. This confirms the results given by 
Pearce,’ which showed that a bar 0.2 in. dia. 
machined from a 2.2-in. dia. bar retained 75 per 
cent. of the tensile strength of the original bar 
and gives a conclusion in definite values to the 
popular statement ‘‘ the nearer the centre the 
weaker the iron.’’ In this connection it may be 
mentioned that fractures are not always reliable 
guides to strength, as the centre of a thick sec- 
tion may show a coarse grain without necessarily 
being weak and thin sections of weak irons, 
although close grained, are not strong. 

Conclusion 

The investigations carried out were in the 
main prompted by curiosity regarding queries 
and popular ideas in connection with cast iron. 
The Paper has been prepared with a view to 
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answering some of the queries and giving, where 
possible, quantitative values to the influence of 
various factors, the effects of which are gener- 
ally appreciated but apt to be over-estimated. 

The author feels there is scope for publicity by 
manufacturers in the direction of improving the 
acquaintance of users with the properties of cast 
iron in general and modern cast irons in par- 
ticular. Probably this could best be done by a 
publication similar to the American Society for 
Testing Materials and the American Foundry- 
men’s Association Symposium on Cast Lron, com- 
piled in collaboration with engineering bodies. 
Furthermore, it is essential that the high- 
strength irons be included in a national specifi- 
cation to show that British ironfounders are not 
backward compared with other countries. 

In conclusion, the author wishes to thank Mr. 
J. T. Graham (Director, Manufacturing and 
Engineering), Messrs. Worthington-Simpson, 
Limited, Newark, for permission to give the re- 
sults embodied in the Paper, and several of the 
staff who have willingly assisted in the prepara- 
tion of test-bars and illustrations, also acknow- 
legments are possibly due to other investigators 
whose work may have been unwittingly dupli- 
cated. 


The Institute of Metals 


ANNUAL AUTUMN MEETING AT 
NEWCASTLE-UPON-TYNE 


As previously announced, the twenty-seventh 
annual autumn meeting of the Institute of 
Metals will be held in Newcastle-upon-Tyne from 
September 9 to 12. An influential reception 
committee has been formed to carry out the 
necessary arrangements, which are outlined in 
the following programme. 


Monday, September 9. 


7.15 p.m.—Fourteenth autumn lecture on 
‘Metal Melting—Its Effect on Quality,’’ by 
Dr. H. W. Brownsdon (Member of Council), in 
the King’s Hall, Armstrong College. The lecture 
will be given in concise form and will be fol- 
lowed by a general discussion on the subject. 

9.45 p.m.—Informal gathering of members and 
their ladies in the University Union, College 


Road. (Light refreshments.) 
Tuesday, September 10. 
10 a.m.—A civic welcome will be given to 


the Institute by the Rt. Hon. the Lord Mayor 
of Newcastle-upon-Tyne (Councillor R.  S. 
Dalgliesh), supported by the Sheriff, in the 
King’s Hall, Armstrong College. 

10.30 a.m.—General meeting of members in 
the new Mining Lecture Theatre, Armstrong 
College, for the presentation and discussion of 
Papers. 

11 a.m.—Ladies will visit the Castle and Black 
Gate after assembling at the College Archway 
in College Road. 

2 p.m.— Members will leave College Road for 
visits to the following works:—(a) Sir W. G. 
Armstrong Whitworth & Company, Limited; 
(b) Dunston Power Station of the North Eastern 
Electric Supply Company, Limited; (c) Vickers- 
Armstrongs, Limited (visitors must be of British 
nationality); (d) Ladies’ visit to Cremona Toffee 
Works. 

8.30 p.m. to midnight.—Civic reception and 
dance at the Old Assembly Rooms. Members and 
ladies will be received by the Rt. Hon. the Lord 
Mayor and Lady Mayoress of Newcastle-upon- 
Tyne (Councillor R. S. Dalgliesh and Mrs. 
Dalgliesh). 


Wednesday, September 11. 


10 a.m.—General meeting in the new Mining 
lecture Theatre, Armstrong College. 

10 a.m.—Ladies will visit Durham City and 
be shown over the Castle and Cathedral. 
Assemble in College Road. 
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2 p.m.—Members will leave College Road for 
visits to the following works :—(e) North Eastern 
Marine Engineering Company, Limited; (f) 
C. A. Parsons & Company, Limited; (g) A. Rey- 
rolle & Company, Limited; (h) Wallsend Ship- 
yard (Swan Hunter & Wigham Richardson, 
Limited) (visitors must be of British 
nationality). 

8 p.m.—Members and their ladies will be 
entertained to dinner at the Royal Station 
Hotel. 

Thursday, September 12. 


9.30 a.m.—Motor coaches will leave College 
Road for a whole-day excursion. A short visit 
will be paid to the famous Chesters Museum at 
Chollerford, following which the Roman Fort at 
Borcovicus, and adjacent parts of the Wall, will 
be inspected. Mr. I. A. Richmond, M.A., of 
Durham University, has kindly consented to ex- 
plain these to the visitors. Luncheon will be 
served at the Hexham Hydro at 1 p.m. The 
party will arrive back in Newcastle at approxi- 
mately 6 p.m. The charge for the excursion, 


inclusive of lunch and tea, will be Ils. per 
person. 
PAPERS 
The following is a complete list of the Papers 
that have been offered for the Autumn 
Meeting :— 
698. ‘Note on the Effect of Interrupted 


Straining on the Elongation of Lead,’’ by J. C. 
Chaston, B.Se., A.R.S.M. 

699. ‘* X-Ray Study of Copper-Silver Alloys,”’ 
by Prof. E. A. Owen, M.A., D.Se., and Joseph 
Rogers, Ph.D. 

700. ‘‘An X-Ray Investigation of Certain 
Copper-Tin Alloys,’’ by Prof. E. A. Owen, M.A., 
D.Se., and John Iball, Ph.D. 

701. ‘‘ Observations of the Porosity and Segre- 
gation of Two Bronze Ingots,’’ by N. P. Allen, 
M.Met., D.Sc., and S. M. Puddephat, B.Sc. 

702. ‘Corrosion below Discontinuous Oxide 
Coatings, with Special Reference to Magne- 
sium,”’ by K. G. Lewis, M.Se., and U. R. Evans, 
M.A., Se.D. 

703.  ‘* Metal Losses in Melting Brass and 
Other Copper Alloys,’’ by Maurice Cook, M.Sc., 
Ph.D. 

704. ‘The Properties of Some Special 
Bronzes,”’ by Prof. D. Hanson, D.Se., and M. A. 
Wheeler. 

705. ‘‘ The Inter-Relation of Age-Hardening 
and Creep Performance. Part I.—The Age- 
Hardening of Nickel-Silicon-Copper  Alloys.’’ 
With an Appendix on the Relationship of Time, 
Temperature and Concentration as Factors in 
Age-Hardening,”’ by C. H. M. Jenkins, D.Se., 
A.R.S.M., and E. H. Bucknall, M.Sc. 

706. ‘The Determination of Certain Phase 
Boundaries in the Silver-Zine Thermal Diagram 
by X-Ray Analysis,’’ by Prof. E. A. Owen, 
M.A., D.Se., and I. G. Edmunds, M.Se. 

707. ‘‘ Note on the Failure of a Gold Fuse in 
Contact with Nickel-Chromium Alloy,’’ by M. C. 
Caplan, B.Sc. 

708. ‘* Production of Powdered Alloys of Low 
Melting Point,’’ by R. W. Rees, B.Sc. 

709. ‘‘The Protection of Magnesium Alloys 
against Corrosion,’ by H. Sutton, M.Sc., and 
L. F. Le Brocq, B.Sc. 

710. ‘* Electron Diffraction Examination of 
Protective Films deposited on Magnesium and 
Magnesium Alloys by the R.A.E. Dichromate 
Process,’’ by H. G. Hopkins, A.R.C.S. 

711. ‘ Alloys of Magnesium. Part IIT.—Con- 
stitution of the Magnesium-Rich Alloys contain- 
ing Aluminium and Cadmium,” by J. L. 
Haughton, D.Sc., and R. J. M. Payne, B.Sc. 


712. ‘‘An Investigation of the Nature of 
Creep under Stresses produced by Pure 


Flexure,”’ by H. J. Tapsell, A.C.G.I., and A. E. 
Johnson, M.Sc. 

713. ‘“Note on the Tarnishing of Liquid 
Metals as studied by X-Rays,’”’ by Hugh 
O’Neill, D.Sc., M.Met., and G. F. Farnham, 
Ph.D., M.A. 
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A Note on the Influence of Temperature 
Gradients in the Production of Steel 


Castings 


By GEORGE A. BATTY 


(Concluded from page 67.) 


Temperature Gradient for a Liner Casting 

Fig. 8 presents as a full line a hypothetical 
temperature gradient for the example under dis- 
cussion, the line sloping downwards from left to 
right, such inclination being indicative of sub- 
stantial feeding potentiality by the superimposed 
‘“riser.’? The broken line on the same figure is 
a hypothetical temperature gradient for the 
same casting bottom gated at the light section, 
with the collar or flange and the feed head at 
the top. In attempting to produce such a cast- 
ing in such a manner it is to be assumed that a 
fairly rapid pouring rate would be ensured and 
that the metal temperature would not be unduly 
high. 

Admittedly, Fig. 8 is conjectural, but the sug- 
gested gradients are based upon observation of 
the pouring of many castings and the examina- 
tion of a number of castings which have been 
‘bled,’ either intentionally or fortuitously. 
In scrutinising the temperature gradients it is 
not to be assumed that anything but an average 
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for the section is intended to be expressed. It is 
recognised that a temperature gradient exists 
from surface to midsection and, in a horizontal 
direction, from gate to parts remote from the 
gate in castings which are poured ‘ on the flat.’ 

The temperature gradient of the mould— 
really a relatively thin envelope of mould sur- 
rounding the casting—is much more difficult to 
visualise. Briggs and Gezelius' have shown that 
throughout a considerable part of the cooling 
of a cast 6-in. dia. sphere the temperature of the 
sand at a distance of } in. from the mould-metal 
interface was only about 150 deg. Fah. less than 
the temperature at the centre of the sphere. 
Despite the low thermal conductivity of sand, 
the mould takes a considerable amount of heat 
from the metal in transit, as is demonstrated by 
castings accidentally ‘‘ bled ’’ as the result of a 
break-out near the gate. Such remanent shells 
show an envelope of considerably greater thick- 
ness formed at the upper levels than at the 
lower levels close to the ingate, and demonstrate 
the potency of the mould as a coolant in rela- 
tion to pouring temperature, pouring rate and 
section thickness. 

It is obvious that the potency of the mould 
as a cooling agent decreases sharply as section 
thickness increases, but the potency of the mould 
increases as the distance to be traversed by metal 
within the mould increases. Thus, the tem- 
perature gradient which can be created in a 


cast 6-in. cube, suitably headed, is very slight p 


as compared with that attainable in a cast 
piece 6 in. by 6 in. by 72 in. long produced on 
the partial-reversal method. (For detailed 
descriptions of various mould manipulative 
methods, partial and total reversal, the reader 
is referred to previously published Papers by 
the author.’) 


American and British Practices 

In discussing temperature gradients, the 
author has adhered to examples of castings made 
under conditions which largely govern American 
practice. In that country little or no moulding 
material is used that has the characteristics of 
either the British ‘‘ compo ’”’ or the Continental 
European ‘‘ chamotte,’’ and it is fairly general 
practice to gate into the lower levels of the 
mould. Top-pouring such as may be adopted 
with ‘“‘ compo ’’ moulds is relatively rarely used 
in American foundries. 

The temperature gradients in mould and metal 
which may be created by top-pouring are more 
favourable than those attainable by bottom- 
gating unmanipulated moulds, but are not as 
favourable as those to be achieved by bottom 
gating and ‘‘ reversing ’’ the mould after pour- 
ing is completed. A fine example of good gating 
method is provided in Hatfield’s Paper* de- 
livered to the American Foundry Convention in 
1934. The heading of the casting is also very 
interesting, as it shows an appreciation of the 
necessity for a large volume of feed metal when 
blind risers are used which are not directly 
served by ingates. The filling of such risers pro- 
duces in them—as it does in ordinary open 
heads which are not filled from the top—an 
adverse temperature gradient in both mould and 
metal. It is, therefore, necessary to have risers 
of such dimensions, in relation to the sections 
with which they are connected, that their reserve 
of temperature is adequate to maintain fluidity 
of their interior metal over a period of time suffi- 
cient to ensure the solidification of the casting; 
or, at least, of that part of the casting which 
each riser is devised to feed. 


Design and Manipulatable Moulds 

The temperature gradients in a bottom-gated 
casting are bound to be adverse, and only a 
locally favourable condition can be created by 
top-filling the feeding heads. Reverting to the 
part of a casting shown on Fig. 4 and including 
the feeding head, a temperature gradient of the 
type postulated in Fig. 9 would probably be pro- 
duced a short time after pouring was completed. 
The local favourable temperature gradient within 
the feed head will ensure that the casting proper 
immediately below the riser will appear sound 
when the head is removed, but the adverse 
nature of the temperature gradient for the lower 
three-quarters of the height of the casting— 
amplified by the adverse temperature gradient of 
the mould, resultant upon bottom-gating— 
points to the conclusion that the casting cannot 
be expected to be free from mid-section unsound- 
ness in the lower levels. Thus it must be realised 
that design is a factor of very great importance 
and that for castings produced in unmanipulat- 
able moulds—moulds that cannot be “‘ reversed ”’ 
after pouring—the taper or ‘‘ wedge’’ type of 
section, small end down, should merit the atten- 
tion of designers as being complementary to the 
production of integrally-sound cast structures. 


3 Hatfield, Dr. W. H. ‘‘ Steel Castings.” ‘‘ Trans. American 
‘oundrymen’s Association,” 1934. 
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In castings which are of a size that can be 
produced in manipulated moulds—using one of 
the reversal systems—there does not exist to the 
same extent the necessity for tapering-wall sec- 
tions, the creation of favourable temperature 
gradients in both mould and metal being com- 
petent to overcome, to some considerable extent, 
the normal difficulty of feeding a section. There 
is, however, very definitely a limit to what can 
be done by mould manipulation, this limit being 
prescribed by practicable pouring temperature 
and pouring rate. 

One of the features of promoting controlled 
directional solidification, as the result of 
properly-organised temperature gradients, which 
appeals to the steelfounder is the economy of 
feed metal. It is admitted that the discovery 
of the extent to which this economy could be 
carried was accidental—but for the accident, un- 
necessarily-large feeding heads might have been 
continued in use—and that the early applica- 
tions of mould reversal were successful attempts 
to cure defects which were apparent in certain 
castings immediately the risers were removed. 
The temperature-gradient theory is built upon 
the practical results arrived at by manipulating 
moulds after pouring is completed, is applicable 
with beneficial results to castings made in moulds 
that cannot be so handled, as it leads the prac- 
tical foundryman to a more correct appreciation 
of the functions of gates and heads. 

A system of step-gating may be considered as 
being of less efficiency than mould reversal, but 
more efficient than bottom gating, in promoting 
soundness of cast structure. 
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Fig. 9.—TEMPERATURE GRADIENT IMMEDIATELY 
AFTER CASTING. 


Chills and Controlled Directional Solidification 


The concept of perfect progressive solidifica- 
tion, from bottom to top in orderly continuity, is 
one that must be discarded, because of its utter 
impracticability; but controlled directional soli- 
dification is, for certain types of castings, an 
implement available to the founder. The means 
described’? for achieving the desirable condition 
by ‘‘ reversing ’’ moulds or by a good system of 
gating and heading must be amplified by “ chill- 
ing ’’ isolated masses, pads, or bosses that can- 
not conveniently be reached by feed metal. For 
reasons which are apparent to most practical 
steel foundrymen, the author disapproves the 
use of internal-chills—variously described also 
as residual, cast in, remanent—in locations which 
can effectually be treated by external chills. It 
is conceded that in some instances an external 
chill cannot be used, and that nothing but an 
internal chill will achieve the desired result. 

In promoting controlled directional solidifica-- 
tion, external chills can be made to function 
efficiently upon parts that could never be: 


adequately dealt with by internal chills, and this. 


without the dangers of blows and the hetero- 
geneities resultant upon the use of cast in 
denseners. The designing, as to shape and 
weight, of external chills in relation to the parts 


upon which they are imposed is an infant art,. 
but is one which will be developed to the benefit. 
of both castings and founders. The shape of’ 
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the chill must be such that it will not promote 
a sharp line of chill effect. It should be de- 
vised to take care of that excess of cast metal 
which is imposed on the general structure as a 
boss or pad without interfering with the whole 
projected scheme of solidification. If the chill 
be excessive in its effect, it may tend to nega- 
tive other means taken to ensure an ordered 
and progressive solidification by closing the 
avenue through which feed metal should reach 
other parts of the casting. 

The weight of the external chill must be re- 
lated to the amount of heat it may have to take 
up from ‘ metal im transit ’’ as well as to the 
amount of heat it is devised to take from the 
‘metal at rest’? when the mould is full. It 
seems probable that the designing of efficient 
external chills will be arrived at empirically, 
and will be an art for some considerable time 
before sufficient fundamental knowledge is 
amassed to warrant precise scientific definition. 

While chilling may be used to mitigate the 
dangers attendant upon concentrations of metal 
which cannot be fed from risers, the fact re- 
mains that the designer can, if willing, do much 
to eliminate the necessity for such costly foundry 
expedients. Heuvers* has suggested variations 
from orthodox practice in design which make a 
distinct appeal to the steelfounder, but it must 


Fic. 


10a. Fie. 10s. 


Fies. 104 anp 108.—Lorry-WHEEL DEsIGNn 
OF THE Y TYPE. 


be remembered that some inescapable features 
of design tend to create ‘‘ hot spots,’’ which, 
in turn, tend to promote either internal cavities 
or externally visible tears, or both. 


Hot Spots 

The founder rightly insists upon  radiused 
junctions where two sections of metal would, 
otherwise, produce sharp corners or angles of 
sand projecting into the metal. The imposition 
of the fillet produces a local concentration of 
metal that must either be fed or chilled to ensure 
complete soundness. Internal hot tears or en- 
closed pipe are evidence that ‘‘ humps ’’ have 
occurred in the temperature gradient—if it was 
generally of a favourable type—or that the tem- 
perature gradient was generally of an unfavour- 
able nature. 

‘* Hot spots ’’ are most likely to form at the 
ingate. Simple modifications of gate design 
appear, superficially, to cure the trouble, but it 
must be said that in many cases the “ cure ”’ is 
more apparent than real. The casting merely 
appears to be sound on the surface when the 
gate is removed, yet there may be a mid-section 
unsoundness. Such a localised deficiency may be 
a commercial defect in certain types of castings, 
whilst in others it is a metallurgical defect of 
no serious commercial significance. 

On many types of castings, poured in the 
orthodox way, it is easy to locate the hot spot 
outside the casting by gating into a main riser. 
Valve bodies and flanged fittings have a pro- 
nounced tendency to exhibit leaks either at the 


4 Heuvers, A. ‘‘ Was hat der Stahlgeber dem Konstrukteur 
uber Lunerk—und Ribbildung zu sagen?” ‘Stahl und Eisen,” 
No. 35, 1929. 
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radiused junction of flange and body or at a 
bolthole when gated at the edge of a flange. 
This bespeaks, of course, a crack or tear which 
extends to the bore of the casting. Such a tear 
or crack is due to a gate hot-spot, and the 
trouble can readily be cured by gating into the 
base of a lumped riser—sometimes called a face 
riser or elbow head—on the face of the flange. 
Such a riser should be at least twice as thick 
as the flange upon which it is imposed, in order 
that the centre of the mass—the last to solidify 
—is outside the casting. This procedure may 
necessitate longer coreprints than are normally 
provided, but the small expense of alteration to 
pattern and corebox is generally a good invest- 
ment. 
Box-like Castings 


The tendency of box-like cast structures to tear 
at the corners is well known, and this tendency 
persists, even though the metal section is uni- 
form, the external contour paralleling the 
internal radius. In such an example is demon- 
strated the effect of disproportion of metal to 
sand. The corner or ‘‘ angle’’ of sand, even 
though apparently suitably radiused, is heated 
on two sides; it is subject to nearly twice the 
thermal attack that is imposed on the sand 
forming plain faces and it cannot take heat 
from the metal at the same rate as does the 
sand in contact with plain plates of metal. 

Every so-called internal angle is, therefore, 
potentially a hot spot. These local humps in the 
general temperature gradient may generally be 
avoided by face-nailing the fillets, but a nice 
discrimination is necessary in prescribing the 
amount of such chilling. By ‘ face-nailing ’’ is 
meant the use of short, flat-headed nails, inserted 
until the heads are flush with the mould face. 
The heads do not project into the casting to 
become, thereby, internal chills. The applica- 
tion of this simple remedy is not always prac- 
ticable because of pattern construction. 


Mould Effect 


Thus far the author has treated the subject 
in relation to the influence of gating and heading 
methods, together with mould manipulation, in 
promoting soundness in the cast structure which, 
in other words, is freedom from external tears 
and internal shrinkage cavities. It appears 
desirable to emphasise the effect of the mould— 
which is affected by metal in transit—upon the 
progress of solidification of the casting, because 
the literature pertaining to the production of 
steel castings has, hitherto, hardly touched 
upon the matter. 

The extent of this effect is demonstrated by 
castings produced on one of the reversal methods 
where, by mould manipulation, the temperature 
gradients of both mould and metal are dis- 
posed in the correct direction. 

At temperatures above the liquidus, steel is 
believed to behave as a true liquid, and McCance* 
gives the figure 0.00039 contraction per deg. C. 
It therefore follows that if what are ultimately 
to become the upper levels of the mould can be 
considerably heated by the relatively slow pour- 
ing of hot metal at a rate which, while sufficient 
to ensure a cleanly-run casting, considerably 
cools an appreciable amount of the metal, the 
mould is made to conserve heat in a graduated 
manner and control, directionally, the solidifica- 
tion of the casting. 

Such conservation of temperature, particularly 
in the heads of totally-reversed castings, will, 
despite the high temperature of the upper levels 
ot metal, result in adequate feeding from a 
relatively small reservoir or feed head. Cases 
have been noted where risers delivered as much 
as 35 per cent. of their volume to the casting, 
this being approximately equal to 3.5 per cent. 
of the volume of the total metal in mould. This 
figure of 3.5 per cent. is somewhat higher than 
the average contraction, measurable as pipe, in 
castings examined by the writer. To state the 
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matter in another way, certain castings have 
been produced, ranging in weight from 1} to 
9 ewts., with a discard of only 6.5 per cent. 
Admittedly, these castings were made on the 
total-reversal method and every precaution was 
taken to promote conditions that would give a 
high yield, yet it may be said that castings of 
a similar type and larger in size were consist- 
ently made on the partial-reversal method, with 
an average yield of over 85 per cent. of metal 
in mould. 


Post Solidification Temperature Gradient 

The temperature gradients in castings at tem- 
peratures below solidification point must be a 
study separate from the matters discussed in 
the foregoing part of this note. Cold cracking 
is probably more to be associated with design 
than with moulding and pouring procedure. 
This statement is made because some designs 
have been noted which consistently developed 
such stresses in the castings as to lead to a 
considerable proportion of loss by cold cracking, 
but only small losses by hot tearing. 

Fig 10a indicates the design of a_ truck 
wheel which was common a number of years ago, 
in the era of the solid-rubber tyre. Fig. 10n 
shows the modification of spoke design which 
overcame the trouble of cold cracking of the 
spokes. It should be noted that the only modi- 
fication was the alteration of the shape of the 
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USED FOR MAKING THE CASTINGS SHOWN 
in Fig. 10. 


spokes, the hub and rim remaining the same in 
both designs. The spokes, six in number, are 
of cruciform section, Y-type, and split to give 
twelve junctures with the rim and mid-wel. 
In the straight Y-type, Fig. 10a, these june- 
tures were equally spaced. In the curved Y-type 
(Fig. 108) the distance across the top of the Y 
was slightly greater than the distance between 
the tips of two Y's. 

The wheels were gated at the hub, thus 
ensuring that the casting was gated into its 
heaviest section, and also that distortion was 
reduced to a minimum by providing that the 
metal at any two or more parts of the casting 
equidistant from the centre be of the same tem- 
perature, or as nearly so as possible, at the 
moment the mould is filled. This provision 
seems necessary on such castings as truck wheels, 
which are of light general section and which 
must be as nearly as possible in balance after 
machining. It is not so important on heavier 
castings such as gear blanks. 

The chief trouble experienced in the produc- 
tion of the wheels having the straight Y-type 
spokes was a pronounced tendency to cold-crack- 
ing either at the points marked X or at A 
(Fig. 10a). Relatively few of the castings 
failed by reason of hot tears at these locations, 
and the magnitude of the residual stresses 
obviously varied in different castings. Some 
would cold-crack during cleaning operations, 
and the practice of heat-treating—a straight 
normalising—before fettling did not entirely 
eliminate the trouble. As a matter of fact, a 


number of fully-machined castings were known 
tw develop the characteristic crack in transit, by 
rail, from foundry to customer, 
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It is believed, by the author, that the ten- 
dency to crack was increased by machining, the 
removal of metal from the face of the tread 
and from the bore adversely affecting the 
residual stresses which, previous to machining, 
were not so remote from equilibrium as_ to 
promote a crack. This detail will not be dis- 
cussed at length in the present Paper. 

A scrutiny of the defective castings showed 
that in an overwhelming majority of the 
examples, a crack occurred at or near a point 
of metal concentration. Any deviation from the 
practice of gating at the hub aggravated the 
trouble, as well as introducing other deficiencies. 

Visualising the temperature gradients—in this 
case, horizontally from hub to rim—it is 
apparent that at the moment the mould is filled 
the hub consists of the hottest metal contained 
in the hottest part of the mould. As the 
distance from hub increases, the temperature 
of both metal and mould decreases. While this 
is satisfactory from the viewpoint of securing 
adequate feeding from a riser imposed on the 
top of the hub, it has certain adverse implica- 
tions when the design is studied in relation to 
dilatation phenomena. dilatation curve, 
typical of the steel in which these castings were 
produced, is shown in Fig. 11. 
that pronounced 


Remembering temperature 


gradients, correctly disposed for feeding, exist 
in both metal and mould, and that the metal 
temperature at the hub is probably at least 


66 deg. C. higher than at the rim, solidifica- 
tion—and subsequent cooling—proceeds  selec- 
tively from rim to hub. The rim, being in 
contact with cool mould, cools down relatively 
rapidly, and, down to 840 deg. C., is con- 
stricting. In the early, and most rapid, part 
of this period the hub and the inner ends of 
the spokes are conceivably so hot as to respond 
readily to the stress without incurring any pro- 
nevnced residual influence. At a later stage in 
the cooling of the casting the rim will be pass- 
ing through the range 840 deg. C. to 680 deg. C., 
and will be expanding while the inner parts of 
the casting—hub and parts of the spokes—are 
constricting and contracting. It was in this 
thermal period that the few cases of hot tears at 
A (Fig. 10) were believed to be generated. 
The significant points to be considered, in re- 
lation to design, are marked XX on Fig. 10s. 
All the way down to shop temperature the rim 
precedes the remainder of the casting in cooling, 


and in aggregation of strength down to the 
lower end of the blue-brittleness range. The 


points XX—and similar locations diametrically 
opposed on the other spoke—bhecame practically 
fixed points in their relation to the rim at CC, 
while the distance between them should decrease 
with falling temperature. 

Thus, in the later of the cooling ot 
the casting, the spokes were placed pronounced|y 
in tension of such magnitude as to lead to cold- 
cracking in far too many instances, 


stages 


It became apparent that the prime necessity 
was to permit the points XX to move el 
together in as full accord as possible with the 
normal uninterrupted contraction of cast steel. 
The design was accordingly modified to produce 


scr 


what is shown on Fig. 108. The head of the 
Y, Fig. 108, is’ produced as two curved 
members, each of which is of lighter section 


than the single member of the Y. 

Given the same temperature gradients as the 
casting of the straight Y type, the points ZZ 
could get closer together, the curved spoke- 
members deforming under the tension of the 
contracting ‘‘ inner ’’ parts of the casting. To 
avoid any misconception, it should he stated 
that the curved spoke-members were of the same 
cross-section as those of the relative parts of 
the straight Y-spokes. The ability of the curved 
upper members to straighten—that is, to assume 
a larger radius—entirelv eliminated the cold- 
cracking trouble, as well as the more rare 


(Concluded in next column.) 
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Aluminium Alloys 


CREEP CHARACTERISTICS 


At the recent annual meeting of the American 
Society for Testing Materials, Mr. R. R. Ken- 
NEDY read a Paper on ‘‘ Creep Characteristics 
of Aluminium Alloys. We append his con- 
clusions. 

Caution should be used in applying the results 
of creep tests to the design of aeroplane-engine 
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mechanical properties of the alloy, but it is 
probable that the high creep rate is an im- 
portant factor in the failure of the cylinder 
heads. 


The same correlation has not been observed in 
the cast aeroplane-engine pistons. These parts 
were formerly cast from alloys Nos. 1 and 2, 
but are now forged from alloys Nos. 5 and 7 
which have poorer creep characteristics. The 
wrought alloys have given satisfactory service in 
spite of their high-creep rates. As in the case of 
the cylinder heads, a difference in operating tem- 


Chemical Composition and Heat-Treatment of Aluminium Allcys Used. 


Chemical composition. Per cent. 


Alloy. | Mae = 

Copper. | Iron. | Silicon. | | Nickel. 
neslum. | 

No. 1f..| 3.90 0.38 | 0.21 | 1.60 | 2.22 

No. 1-Af) 3.91 0.35 0.13 1.68 | 2.22 

No.2f..| 9.64 1.08 0.22 0.23 

No. 3f..| 1.18 0.26 | 4.61 0.58 | — 

No. 4t..| 4.29 0.50 0.66 - 

No. 5t,§} 0.90 0.78 12.64 0.96 | 0.91 

No. 6f,§| 2.96 0.53 | 13.18 1.04 | 3.08 

No. 7},§| 4.06 0.62 0.21 0.47 2.12 

No. 8T 0.37 0.28 0.19 5.96 1.49 


* Specimens quenched in cold water at conclusion 
§ Alloys supplied in heat-treated condition. 


parts due to the difference between test condi- 
tions and service conditions. In a creep test, 
hoth the load and the temperature are constant 
for the period of the test, while in an airplane 
engine the parts are subjected to vibration, 
often to alternating tensile and compressive 
stresses, while the temperature fluctuates accord- 
ing to operating conditions. The results of creep 
tests should be of value, however, in indicating 
the relative behaviour of the various alloys at 
operating temperatures, 

Some correlation has been observed between 
creep characteristics and service performance in 
the case of air-cooled cylinder heads for aeroplane 
engines. These parts are cast from alloys Nos. 1 
and 2, which have good creep characteristics. 
‘They have proven satisfactory in service and few 
failures have been reported. Recently, cylinder 
heads of the same type have been cast from alloy 
No. 8, which has poor creep characteristics. 
Many of these cylinder heads have failed during 
block tests of the engine. Alloy No. 8 has low 
heat conductivity, so these cylinder heads 
operate at temperatures approximately 50 deg. 
Fah. (28 deg. C.) higher than cylinder heads 
cast from Nos. 1 and 2. The higher 
eperating temperature would tend to lower the 
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occurrence hot-tearing at the junction of a 
spoke with the hub. 


ot 


This is the ouly example of design modifica- 
tion that the author to submit in re- 
lation to the prevention of cold-cracking. Others 
eSuld cited, and it helieved that most 
practical foundrymen could, from the wealth of 
their experience, quote instances of difficulties 
encounterel. Tt is hardly possible to entertain 
the hope that all such difficulties could be over- 
in a manner so simple as that which 
effected the cure in the case of the lorry wheel. 


proposes 


1s 


he 


come 


No attempt will be made by the author to lustre, 


summarise, as it is his opinion that the matter 
complex—despite the simple examples 
chosen for discussion—to admit of comprehensive 
accuracy. It is to remembered that each 
casting presents its own peculiar problem and, 
while castings may be classified in types, seem- 
ingly small variations affect materially the 
classification. 


is too 


he 


For inability to clothe the concepts in words 
that will be explicit to all, the author tenders 
his apologies, and undertakes to deal—within his 
limitations—as fully as possible with the matters 
that are bound to arise in the discussion. 


of solution treatment. + Cast alloys. 
Method of heat-treatment was not reported. 


| Solution treatment.* Ageing treatment. 


| Time, 


Man- Nanaia Temperature. | Time, 
ganese. hrs. 
— |510deg.C.| 5 | 190deg.C.| 5 
510 =| 190 5 
495 | 5 | 190 5 
525 16 225 8 
515 | 24 150 2 
0.02 | = 
0.01 
1.00 None } - 


Wrought alloys. 


perature is probably a contributing factor, 
because, due to changes in piston design, the 
wrought pistons run cooler than do the cast 
pistons. 


Company Meeting 


Presiding at the annual meeting of Messrs. W. & 
f. Avery, Limited, held at Birmingham recently, 
J. Forrescve Frannery, Bt. (chairman). 
said that steady progress had been experienced 
throughout the year and was still continuing. The 
weighing-machine industry had undergone rapid 
developments since he first became connected with 
it. In addition to the technicians and draughtsmen 
at Soho Foundry who were dealing with the current 
problems and day-to-day requirements, they had a 
large development section studying and designing to 
meet the needs of to-morrow, in conjunction with 
the developments which were taking place in indns 
trial methods and processes. As regarded the means 
of production, large quantities of machine tools and 
plant had been ordered during the year and were 
being put into commission as opportunity offered. 
Many of their processes and methods had been cor- 
pletely redesigned. During the year they acquired 
the old-established business of Joshua Buckton & 
Company, Limited, and their goodwill for testing 
machinery had been brought in. The business of 
Parnall & Sons, Limited, had again shown progress, 
and its works at Bristol had been well employed. 

At an extraordinary general meeting which fol- 
lowed, resolutions were passed giving effect to 
recommendations for the transfer of £100,000 from 
the reserves to a pensions fund, and for the capitali- 
sation of £142,363, forming part of the general 
reserve fund, by the distribution among the holders 
of the issued ordinary shares of one new ordinary 
share of £1 for every five ordinary shares held. 


Tungsten Plating 


In discussing tungsten plating in ‘‘ Metal Clean- 
ing and Finishing.’’ W. A. Koruier points out 
that this metal is in the same series as chromium 


in the periodic system. It has a bright silvery 
but, unlike chromium, it is not attacked 
by any of the common mineral acids, but can be 


dissolved by a mixture of nitric and hydrofluoric 
acids. <A thick coating of metallic tungsten can be 
plated electrolytically and is especially valuable for 


covering baser metals in laboratory ware. The 
metal is not affected by sulphur or phosphorus. It 
has a hardness on Mohr’s scale of about seven. The 
tungsten plating solution is easy to prepare. <A 


saturated solution of sodium carbonate is made at 
100 deg. C. and tungsten trioxide. WO,, is added as 
long the sodium tungstate formed is soluble. 
The solution is electrolysed usually at 75 amps. per 
sq. ft. and the higher the temperature the brighter 
the deposit. The solution is not entirely stable and 
will slowly deteriorate when used constantly. 
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The “‘Sirocco’’ Dust Collecting Plant illus- 
trated is considered by local authorities 
a model of excellence. 


Full particulars and draw- 
ings have been called for to 
serve as a criterion for future 
requirements in other fac- 
tories. This standard is 


“Sirocco’’ Dust 
maintained throughout the Collecting Plant 
range of manufactures com- installed in a 

Sie ” North Country Gas and Electric Stove 
prising “ Sirocco Products. 


Manufactory. 


DAVIDSON & CO., LTD., 
SiROCCO ENGINEERING WORKS, 
Belfast - Northern Ireland 


London - Manchester - Glasgow - Birmingham 
Newcastle - Cardiff - Bristol - Dublin. 


Write for ** Sirocco Products” 
summarising in pictures our 
manufacturing activities. 
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This Week’s News in Brief 


Trade Talk 


MEssRS. 
Flemington Works, Motherwell, have received an 
order for 12-ton coal wagons for the London County 
Council. 


Hurst, Netson & Company, LiMiTED, 


THe STEEL Company oF ScOTLAND, LIMITED, 
Blochairn Works, Glasgow, has booked a large order 
for locomotive tyres for the Assam Bengal Railway 
Administration. 

Messrs. Swan, Hunter & WiGHAM RICHARDSON, 
Limitep, Wallsend, have received an order from 
Messrs. Bullard King & Company for a cargo and 
passenger ship, 450 ft. long, to carry 8,800 tons. 

Over 5,000 worKERS engaged in the heavy-steel 
section of the Scottish iron and steel industry will 
receive an increase of 5 per cent. in wages from 


to-day under the sliding-scale agreement. The 
rates will then be 283 above base rate. 
METROPOLITAN- VICKERS EvLecrricaL ComPANY, 


LimiTeD, inform us that both their London office 
and the offices of their export company are moving 
from Bush House, and that on and from August 6, 
1935, their London office address will be 1, Kings- 
way, London, W.C.2. The telegraphic address will 
be ‘‘ Multiphase, Estrand, London,’”’ and the tele- 
phone number will remain unchanged. 

DvRING THE WEEK a large party of delegates— 
consisting of ladies and gentlemen from England, 
America, Poland, Italy, Switzerland, Holland, India 
and other countries—attending the International 
Congress for Scientific Management visited Messrs. 
Fredk. Braby & Company’s Eclipse Iron and Steel 
Works at Petershill, Glasgow. The party showed 
great interest in the processes for the production 
of black and galvanised sheets, staircases, windows, 
panelling, flooring, cisterns, steel structural work 
and the making of metal-faced plywood. The party 
afterwards proceeded to Edinburgh. 

A SPECIAL ELECTRODEPOSITION EXHIBITION at the 
Science Museum, South Kensington, was opened by 
Lord Melchett last Thursday. It has been de- 
signed to illustrate to the layman all the phases 
of electrodeposition and the scientific principles 
upon which it is based. It will remain open, free, 
to the public until the end of the month of October. 
The exhibition has been organised by the Electro- 
depositors’ Technical Society and the Science 
Museum. Valuable help in its preparation has been 
given by the British Non-Ferrous Metals Research 
_Association, the Research Department, Woolwich, 
the Royal Mint, and leading industrial firms. 

SPEAKING AT A LUNCHEON in Cardiff, Mr. George 
Williams (chairman of the South Wales and Mon- 
mouthshire Industrial Development Council) said his 
information was that the new steelworks of the 
British (Guest Keen Baldwins) Iron & Steel Com- 
pany, Limited, at East Moors, Cardiff, would em- 
ploy an additional 2,000 men and about 9,000 tons of 
coal would be consumed every week throughout the 
year. He referred to misinformed statements which 
put difficulties in the way of attracting new indus- 
tries to South Wales, and said that people called 
South Wales the home of industrial unrest. This 
move of the steelworks firm, however, was the first 
answer to that. 


Obituary 


Mr. ANDREW L. Deas, J.P., of Messrs. John 
Deas & Company, Limited, ironfounders and heat- 
ing engineers, Sydney Street Ironworks, Glasgow, 
died recently. Mr. Deas was 64 years of age. 

Mr. JAMES GREENHALGH, of Dukinfield, who has 
died at the age of 94, was the oldest trade unionist 
in the world. He was a moulder, and joined the 
National Union of Foundry Workers in 1861, from 
whom he received superannuation for the past 34 
years. 

Mr. Ernest J. Grirritus, secretary for many 
years of the Welsh Engineers’ and Founders’ Asso- 
ciation, died last week, aged 60. He had not been 
well for the past three or four months, and a heart 
attack brought about his death. Mr. Griffiths, who 
was held in the highest esteem in the foundry trade 
of West Wales, was the hon. treasurer of the South 
Wales Province Masonic Benevolent Fund. 


Personal 


Mr. THomas Goopwin, of Borrowash, near Derby, 
has been elected a director of E. S. Lord, Limited, 
Rochdale. 


Mr. CHARLES THORNTON has been promoted 
general manager of Messrs. Dickson & Mann, 


Limited, founders, Bathgate, and Mr. James Harper 
succeeds him as works manager. Mr. David Adam- 
son, who for over a long period of years has been 
in charge of the labourers, has retired. 

ON THE occasIoN of his leaving to take up a new 
appointment at Lugar, Mr. D. L. McCardel, general 
manager of Messrs. Bairds & Dalmellington, 
Limited, was the recipient of a display cabinet from 
his staff and employees of the firm. Mr. McCardel 
will be succeeded by Mr. George W. Kirkwood. 

Mr. JAMES Marr, who is in his ninety-second 
year, and his brother, Mr. Henry J. Marr, who is 
in his eighty-eighth year, are still working as black- 
smiths. They both began work when twelve years 
of age and, served apprenticeships with their father. 
Mr. James Marr for a time went to work at Banff 
Foundry, but seventy years ago returned to the 
smithy, where he has worked ever since. 

Mr. H. S. Vassar, laboratory engineer in charge 
of testing laboratory, Public Service Electric & Gas 
Company, Irvington, N.J., U.S.A., has succeeded 
Dr. 


von Schrenk as President of the American 
Society for Testing Materials; Prof. A. E. White, 
University of Michigan, was chosen Junior Vice- 
President to serve with Mr. A. C. Fieldner, U.S. 


Bureau of Mines, 
1934. 

Mr. V. Warttincton has been appointed director 
in charge of the activities of the British Electrical 
and Allied Manufacturers’ Association. At its meet- 
ing held on July 18, the Council of the Association 
decided that the entire control of ‘‘ Beama’’ man- 
agement was to be vested in the one director. Mr. 
Watlington has been a joint director since 1932; he 
now assumes sole responsibility to the Council of 
the Association for all ‘‘ Beama’”’ activities. Mr. 
C. Rodgers, secretary of the Association since 1921, 
has been appointed deputy-director. Mr. Watling- 
ton has been associated with the ‘‘ Beama’’ for 
a long time. He has from the earliest days been 
a working member of almost every important sec- 
tion, and has made a study, both intensive and 
extensive, of the whole of its machinery. He has 
been chairman of several committees, including the 
Revising Committee. He was appointed a member 
of the Council in 1925 and in March, 1929, was 
unanimously elected chairman. Mr. Watlington 
occupied the chair for three years until his appoint- 
ment as joint director in 1932. 


Wills 


who became a Vice-President in 


Neitson, JoHN, of Glasgow, ironmaster £154,765 
CritraLt, F. H., founder of the Crittall 

Manufacturing Company, Limited . £18,255 
ANDERSON, J. T., of Falkirk, retired iron- 

Wreaks, J. H., of Liandudno, formerly 

of Sheffield, at one time lecturer in 

metallurgy in the University of Shef- 


Contracts Open 


Khartoum, August 15.—Centrifugal pumping plant 


and fittings, for the Egyptian Irrigation Depart- 
ment. The Department of Overseas Trade. (Refer- 
ence T.Y. 5.085.) 


Devizes, August 21.—25 
iron water mains, varying from 8 in. to 2 in. dia., 
for the Rural District Council. Messrs. Parker 
Pearson & Ross Hooper, Dallas Chambers, Chippen- 


miles of spun and cast- 


ham, Wilts. (Fee £2, returnable. ) 
Lye, August 10.—Construction of 1,260 yds. of 
9-in. cast-iron pipe sewer, for the Upper Stour 


Valley Main Sewerage Board. 


Mr. G. Plant Deeley, 
13. Church Street. Stourbridge. 


(Fee £3 3s., return- 


able.) 

Bridgwater, August 8.—360 yds. and 100 yds. of 
27-in. dia. s. and s. concrete and steel pipe sewers 
respectively. and 180 yds. of 9-in. cast-iron pipe 
sewer, for the Town Council. Messrs. Sandford 
Fawcett & Partners, 53, Victoria Street, West- 


minster, S.W.1. (Fee £5 5s., returnable.) 
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Publication Received 


Copper Data. The Copper Development Asso- 
ciation, Thames House, Millbank, London, S.W.1, 
have performed a real service to the metallur- 
gical and engineering industries by publishing a 
64-page booklet which summarises the most fre- 
auently sought data germane to copper. By a 
happy coincidence it is roughly the same format 
as Aluminium’ Facts,’’ these two 
books certainly place foundrymen in full posses- 
sion of the fundamental data of two of their 
most important raw materials. The booklet has 
been divided into three main sections:—(1) the 
properties of copper; (2) treatment and working 
of copper, and (3) commercial grades and appli- 
cation. The first section which is sub-divided 
into the mechanical, electrical, and other physical 
properties including corrosion is, like those 
which follow, illustrated by several graphs. This 
is a distinctly useful feature as it eliminates a 
quantity of tabular matter. The second section 
covers such processes as hot and cold working, 
soldering, brazing, welding, and machinery. The 
third section, to our mind, is somewhat incom- 
plete, as it fails to include the better-known 
foundry alloys as distinct entities, although a 
number of applications of such alloys are listed. 
In section II, hewever, reference is made to 
CDA Publication ‘‘ Brasses I.’’ We have referred 
to this and are confirmed in our opinion that 
the major portion of the material contained 
therein should have been included in the book 
under review, and the scope of the book usefully 
widened. However, there is at least some logic 
in separating copper and copper alloys. The 
book is jacketed in a copper-coloured back and 
bound by means of a copper-wire spiral. It is 
available to our readers gratis on application and 
we should advise them also to ask for ‘‘ Brasses 
1’’ at the same time, as from the foundry point 
of view it is complementary. 


New Companies 


(From the Register compiled by Jordan & Sons. 
Limited, Company Registration Agents, 116 to 118, 
Chancery Lane, London, W.C.2.) 

O. Carter (Brassfounders), Limited.—Capital 
£1,000. Director: O. Carter, 17, Longmore Road, 
Shirley, Warwickshire. 


Joseph Trippett & Sons, Limited.—Capital £1,000. 
Steelcasters, ironfounders, etc. Permanent directors : 
C. W. Verity, 145, White Lee Road, Swinton, near 
Rotherham, and A. A. Verity. 

Fluvario, Limited.—Capital £5,000. To acquire 
any invention relating to pumping machinery, etc. 
Directors: E. E. Guiness, Allendale, Coalway Road, 
Wolverhampton; R. C. Watts, M. Elwell, 
Elwell and H. A. Davies. 


Supercast Foundry Company, Limited, ‘‘ White- 
haven,’’ Red House Road, Tettenhall, Staffs.— 
Capital £1,500. To take over the business of iron 
and steel founders carried on by R. Small and 
H. M. North at The Supercast Foundry, Meeting 


Street, Wednesbury. Directors: R. Small, H. M. 
North and C. R. H. Smith. 
Imperial Magnesium Corporation, ‘Limited.— 


Capital £200,000 in £1 shares (100,000 preferred ordi- 
nary and 100,000 deferred). The Imperial Smelting 
Corporation, Limited, the British Aluminium Com- 
pany, Limited, Magnesium Metal & Alloys, Limited, 
and Imperial Chemical Industries, Limited. are each 
to appoint one-fourth of the directors. 


Welded Battleships 


According to ‘‘ The Times ’’ Paris Correspondent, 
the ‘‘ pocket battleships ’’ of the Deutschland class, 
which were electrically welded, have shown serious 
defects, due, it is believed, to the vibration from 
the Diesel engines. Germany, it is said, is to 
return to normal riveted-built structures and steam 
propulsion. 
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FOUNDRY MOULDING BY ELECTRICITY! 


Genuine Revolution in Foundry Practice 


SAVES 75%, to 85% IN POWER AND INCREASES UTILITY 


STOBIE ELECTRIC JOLT MOULDING MACHINE 
(Patents applied for) 


EACH MACHINE COMPLETE IN ITSELF. No air-compressor; no air-receiver ; 
no pipe-lines; no condensation, frost or rust; no vexatious air leaks, 
valves or pressure-gauges. 


ONLY CONSUMES } to } USUAL POWER. CAN USE EITHER A.C. or D.C. 
MOULDS AT LEAST 50% QUICKER THAN PREVIOUS METHODS. 
SIMPLE TO WORK :—One push-button to start, and one to stop. 


FORCE OF BLOW VARIABLE AT WILL, DURING JOLTING, FROM LIGHT 
TO FULL. 


WITH OR WITHOUT STRIPPING AND TURNOVER ATTACHMENTS. 


A FOUNDRY DREAM COME TRUE! 


Write to see it at work :-— 


FOUNDRY ENGINEERS LIMITED 


HALIFAX, YORKS. 


TELEPHONE: 61459 HALIFAX TELEGRAMS: “FEL,” HALIFAX 
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Raw Material 


Although the volume of business in the iron and 
steel trade continues to be above the average for 
the time of the year, conditions have quietened down 
a little during the last week. The holidays are the 
chief cause of this slackening of business. 
Hematite prices have been further revised, and a 
zoning scheme and co-ordinated scales of prices, 
fixed according to the geographical position 
of the consumers’ works, is being formulated follow- 
ing further meetings between the East and West 
Coast and Welsh manufacturers. 


Pig-lron 


MIDDLESBROUGH.—The output of pig-iron in 
the Cleveland area is increasing, and in all 
probability one or two more blast furnaces will be 
relighted in the near future. Consumption in the 
district is very heavy, and iron is still being sent 
to some of the foundries from the Midlands. 
Scottish specifications are increasing, as the light- 
castings trade is very much more active than for 
some time past. An increase in the price of foundry 
iron is believed likely, and this report caused con- 
sumers to extend their contracts before an altera- 
tion occurred. No change has yet been made, how- 
ever, and minimum quotations for No. 3 Cleve- 
land G.M.B. are still 67s. 6d. per ton delivered 
Middlesbrough, 69s. 6d. delivered North-East Coast, 
67s. 3d. delivered Falkirk, and 70s. 3d. delivered 
Glasgow. An additional half-crown per ton is 
charged for No. 1 foundry, and Is. per ton less than 
the given prices for No. 3 is asked for No. 4 forge 
and No. 4 foundry. The complete revised scale of 
prices for East Coast hematite is not yet avail- 
able, as it is still to be formally ratified. It is 
understood that in the various producing areas on 
the East and West Coasts and in South Wales, the 
local delivered price of No. 1 hematite will be 
71s. per ton, and the prices for other districts will 
be fixed by adding transport charges to consumers’ 
works. Under this scheme the delivered price of 
No. 1 East Coast hematite on the Tyne will be 72s. : 
in the remainder of Durham and Northumberland 
73s. 6d.; in Sheffield and the No. 2 Yorkshire zone 
78s. 6d.; and in other districts 80s. to 87s. per ton. 
New contracts will all be fixed under this scale, but 
there are still numerous orders to be delivered under 
the old system of prices. 


LANCASHIRE.—New business has been entered 
into between consumers and manufacturers of 
common irons during the last week in a very sub- 
stantial manner. Machine-tool makers, the light- 
castings trade, and the heavy electrical trade all 
report satisfactory conditions. Rather better con- 
ditions are reported from the general engineers and 
jobbing founders. Derbyshire, Staffordshire and 
Lancashire brands of No. 3 foundry iron equal to 
Derbyshire are all quoted for delivery to users in 
the Lancashire price zone on the basis of 74s. per 
ton, with Northamptonshire at 72s. 6d., Scottish 
foundry at from 81s. 6d. to 82s. 6d., West Coast 
hematite at around 8ls., and East Coast at from 
77s. 6d. to 78s. 6d. per ton, according to grade. 


MIDLANDS.—Quieter conditions prevail on this 
market following an active period, most consumers 
of pig-iron being now well covered forward. No 
changes have occurred in the controlled prices for 
Midland foundry iron. Light founders are better 
employed than was the case recently, and the 
jobbing and general engineering foundries are taking 
good quantities of pig-iron. The quotation for 
Scottish No. 3 iron in this district is 85s., low- 
phosphorus iron varies in price between 85s. to 90s., 
and medium-phosphorus irons vary from 72s. to 
80s. Refined iron ranges from £5 7s. 6d. to £7, 
delivered the Midlands. The price of West Coast 
hematite, surprisingly, is back on the old basis of 
84s. 6d., while East Coast and Welsh hematites are 
at 80s. 6d. Common irons are at 67s. 6d. for 
Northants No. 3 and 71s. for Derbyshire, Lincoln- 
shire and South Staffordshire No. 3. 


SCOTLAND.—Conditions are still quiet on this 
market. Scottish iron prices remain unchanged on 
the week. Falkirk founders have now completely 
resumed and business is on a satisfactory scale. 
No change is noted in the prices of Cleveland iron 
at 67s. 3d. at Falkirk and 70s. 3d. at Glasgow. and 
other English irons are 1s. 3d. per ton less. Local 
steelworks have good prospects after the holidays 
except from shipbuilding sources, which are quiet. 
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Markets 


Steelmaking iron quotations are:—Mixed numbers 
Scottish hematite 7ls.. ordinary mixed numbers 
West Coast hematite 75s., ordinary mixed numbers 
East Coast hematite 77s. 6d., basic. British and 
Indian, 70s., less 5s. rebate. all delivered Scottish 
steelworks. 


Coke 


There have been few inquiries for foundry coke 
and conditions are still very quiet. Durham foundry 
coke realises 20s. to 2ls. f.o.r. ovens. For delivery 
in the Birmingham district prices are:—Best Dur- 
ham coke, 34s. to 40s.; Welsh, 31s. to 42s. 6d. 


Steel 


The usual midsummer trading conditions rule in 
the steel market, but there is still a fair volume of 
business passing in some departments. Business in 
the semi-finished steel section of the market has not 
been active, but the demand has been steady and 
the decline in consumers’ requirements which 
generally takes place at this time of the year has not 
been noticeable. The majority of the important 
users are well covered, and most of the business 
which has taken place recently has been limited to 
small parcels. The producing works, however, have 
a large tonnage of orders on their books and are 
making heavy deliveries. The active conditions 
which have ruled for some weeks in the finished- 
steel department have been well maintained. With 
the exception of heavy steel plates, the demand for 
practically all classes of finished steel is exception- 
ally strong for this season, and shows no signs of 
declining. The works are well provided with orders 
and can look forward to busy conditions for some 
months. The bulk of the work in hand is on home 
account, but lately the requirements of oversea 
markets have shown signs of expanding. 


Scrap 


In the Cleveland market large quantities of good 
heavy melting steel are being sold at 52s. 6d. per ton 
delivered works. Foundry cast iron is at the same 
price and an increase is anticipated. Clean light 
cast iron is active again and is between 438s. and 
44s. and cast-iron borings are at 25s. per ton de- 
livered works. The South Wales market is still 
very quiet. Heavy cast iron in large pieces and fur- 
nace sizes is at 50s. to 52s., and good machinery 
scrap at 52s, 6d. to 55s. Buying on the Midland 
market has been restricted. Heavy steel in furnace 
sizes is at 44s. to 45s. and mixed heavy iron and 
steel at 42s. 6d. to 43s. 6d. Heavy steel turnings 
are easy at 34s. Heavy wrought iron remains steady 
at 57s. 6d. and clean cast-iron borings at 30s. Heavy 
cast-iron machinery scrap in cupola sizes is at 55s. 
to 57s. 6d.. good heavy at 50s. and clean light at 
47s. 6d., delivered works. 


- Metals 


Copper.—It was expected that a reaction would 
occur in the price of copper, but the fall has been 
a little greater than was anticipated. Following the 
mid-month excitement, the market has quietened 
considerably, due, perhaps, to the summer period. 
Favourable news comes from the United States, 
where, in spite of a very large demand during the 
second week of July, buying still continues. 

Daily market prices :— 

Cash.—Thursday, £31 10s. to £31 11s. 3d.; Friday. 
£31 to £31 2s. 6d.; Monday, £31 6s. 3d. to 
£31 7s. 6d.; Tuesday, £31 6s. 3d. to £31 7s. 6d.; 
Wednesday, £31 8s. 9d. to £31 11s. 3d. 

Three Months.- Thursday, £31 17s. 6d. to 
£31 18s. 9d.; Friday, £31 8s. 9d. to £31 10s.; Mon- 
day, £31 15s. to £31 16s. 3d.; Tuesday, £31 13s. 9d. 
to £31 15s.; Wednesday, £31 17s. 6d. to £32. 


Tin.—-Business in this metal has been of a verv 


restrictéd nature, and it seems as though con- 
fidence in tin has weakened. The demand for the 
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metal for trade purposes is of a hand-to-mouth 
character, the unsettled condition of Continental 
currency having the effect of disorganising trans- 
actions. At the same time. owing to the strict 
control exercised, prompt supplies remain short, and 
it is considered that an early addition to quotas, 
preferably retrospective to July 1, is necessary 
in order to prevent any worsening of the present 
stringency. 

Day-to-day fluctuations : 

Cash.—Thursday, £229 to £231; Friday, £2380 10s. 
to £234; Monday, £233 15s. to £234; Tuesday, 
£233 15s. to £234; Wednesday, £233 12s. 6d. to 
£233 15s. 

Three Months.—Thursday, £220 to £220 10s. ; 
Friday, £220 to £220 10s.: Monday, £219 to 
£219 10s.; Tuesday, £219 to £219 10s.; Wednesday, 
£218 lis. to £219. 


Spelter.—The price of this metal became lower 
towards the end of last week in sympathy with 
the other metals. On Monday the price increased 
5s., and the position of spelter is fairly satisfactory, 
although it is still not so strong as lead. A firm 
tone is again reported from the American market, 
an increase in price being chiefly due to the more 
encouraging outlook of the brass mills. 

Official quotations were as follow :— 


Ordinary.—Vhursday, £14 8s. 9d.; Friday, 
£14 3s. 9d.; Monday, £14 8s. 9d.; Tuesday, £14 5s. ; 
Wednesday, £14 3s. 9d. 


Lead.—During the past week the price of lead has 
fluctuated in an erratic manner. However, the 
situation on the whole continues to be sound. 
Although the demand for lead will, in all probability, 
slacken over the August Bank holiday, consumption 
remains strong, and there is no reason why this 
should not continue to be so. A fairly steady 
market is reported from the United States, where 
pipes and sheets have given continued activity in 
the building trade. The world production of lead 
during June, as reported by the American Bureau 
of Metal Statistics, was 122,200 tons, compared 
with 135,100 tons in May. Production in America 
amounted to 29,300 tons, against 33,200 tons during 
May. 

Day-to-day quotations :— 

Soft Foreign (Prompt).—Thursday, £15; Friday, 
£15 2s. 6d.; Monday, £15 3s. 9d.; Tuesday, 
£15 2s. 6d.; Wednesday, £15 7s. 6d. 


Company Reports 


Platt Bros. & Company (Holdings), Limited.— 
The directors have decided to pay the arrears of 
dividend on the 44 per cent. preference shares in 
respect of the half-year ended September 30, 1933. 


Vickers, Limited.—Interim dividends for the half- 
year ended June 30 last of 24 per cent., less tax, on 
the preferred 5 per cent. stock, 24 per cent., less 
tax, on the 5 per cent. preference shares, and 2} per 
cent., free of tax, on the cumulative preference 
shares. 


Copper in Malleable and Grey 
Cast lron 


The Battelle Memorial Institute undertook to 
determine the properties of copper-alloyed grey and 
malleable cast iron with these results:—In grey 
irons, copper increases the tensile and transverse 
strengths and the hardness, there being no diminish- 
ing in its effect up to at least 4 per cent. Irons 
alloyed with both copper and nickel were equal in 
properties to the copper or the nickel irons of the 
same total alloy content. Copper has a mild effect 
in reducing chill. In malleable iron, copper speeds 
up the graphitisation, raises the tensile and _par- 
ticularly the vield strength, increases the hardness, 
modifies the galvanising embrittlement effect, pro- 
motes corrosion resistance. and makes the iron 
amenable to precipitation hardening. Since it 
retards the rate of transformation, copper assists in 
the heat-treatment of grey or malleable iron by 
retaining certain structural features, obtained in 
unalloyed irons only on rapid quenching, at much 
reduced rates of quenching.—‘‘ Mining and Metal- 
lurgy.”’ 
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ARE THE GREATEST ECONOMY 
YOU CAN INTRODUCE INTO 
YOUR FOUNDRY 


THEY SPEED UP PRODUCTION 


PRODUCE BETTER CASTINGS 
SAVE UNNECESSARY LABOUR 


€3¢: 


Consult us 
AND LET US SOLVE YOUR MOULDING 
A PROBLEMS - | 
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COPPER 
£ «. d. 
Standard cash... 
Three months 6 
Electrolytic oe .. 3415 0 
Tough bis 3215 0 
Bheets 680 0 
Wire bars .. ee - 415 0 
Ingot bars .. oe -. 3415 0 
H.C. wire rods -- 3810 0 
Off. av. cash, June -- 3016 835 
Do., 3 mths., June .. 31 4 lig 
Do., Sttlmnt., June .. 30 16 10,3, 
Do., Electro, June - 34 7 45 
Do., B.S., June BB 
Do., wire bars, June 34 13 1144 
Solid drawn tubes .. 10d. 
Brazed tubes 10d. 
Wire 6d. 
BRASS 
Solid drawn tubes 94}d- 
Brazed tubes 1]}d. 
Rods, drawn Sd, 
Rods, extd. or .. 
Sheets to 10 w.g. Td. 
Yellow metal rods a .. 44d. 
Do. 4 x 4 Squares 
Do. 4 x 3 Sheets ed |? 
TIN 
Standard cash .. 233 12 6 
Three months 218 15 0 
English . 23310 0 
Bars. . 16 
Straits(nom.) ..  .. 238 12 6 
Australian (nom.) .. -. 2384 2 6 
Eastern... 6 
Banca (nom.) .. 23515 0 
Off. av. cash, June .. 227 14 3.8, 
Do., 3 mths., June .. 219 10 9.9; 
Do., Sttlmt., June .. 227 14 543 
SPELTER 
Ordinary .. .. 14 3 9 
Remelted .. 40 
Electro 99.9 BE 9 
‘English .. «. 16 5 0 
India re 18, 0 © 
Zinc dust .. 1810 0 
Zinc ashes .. 
Off. aver., June .. 1316 318 
Aver. spot, June -. 13:14 8 
LEAD 
Soft foreign ppt. .. 6 
English .. « a 6 
Off. average, June -- 13:15 933 
Average spot, June 1315 6,4 
ALUMINIUM 
Ingots £100 to £105 
Wire 1/1 to 1/9 Ib. 
Sheet and foil 1/2 to 2/9 lb, 


ZINC SHEETS, &c. 


Zinc sheets, English 22 0 0 

Do., V.M. ex-whse. 23 10 0 

Rods 2817 6 
ANTIMONY 

English 74 0 Oto 75 0 0 

Chinese, ex-whse. .. & 6 

Crude, c.i.f... 2710 


QUICKSILVER 
Quicksilver 1l 2 6toll 12 6 


FERRO-ALLOYS AND 
STEEL-MAKING METALS 


Ferro-silicon— 
45/50% . 12 15 0 
Ferro-vanadium— 
35/50% .. 12/8 lh. Va. 


FOUNDRY TRADE JOURNAL 
RAW MATERIALS—PRICE LIST 


(Wednesday, July 31, 1935) 
Ferro-moly bdenum— PIG-IRON 
“nt a 4/6 lb. Mo. N.E. Coast (d/d Tees-side area)— 
23/25% carbon-free  .. 9d. lb. Foundry No.1 .. 70/- 
Ferro-phosphorus, 20/25% .. £1515  FoundryNo.3 .. 67/6 
Ferro-tungsten— » at Falkirk igs 67/3 
80/85% 3/- Ib. at Glasgow 70/3 
Tungsten metal der— Foundry No. 4 66/6 
98/99% 3/3 Ib Forge No. 4 a ais 66/6 
chrome— Hematite No. 1... 71/- 
2/4% car. .. 3310 0 Hematite M/Nos. .. as 70/6 
4/6% car. .. Pe oo 2215 0 
6/8% car. .. sa .. 21 0 0 N.W. Coast— 
8/10% car. oe .. 21 0 0 Hem. M/Nos. d/d Glas. .. 75/- 
Ferro-chrome— » d/dBirm .... 84/6 
Max.2% car. .. .. 34 0 0 Malleable iron d/d Birm. 115/- 
Max. 0.70% car. .. 37 5 
GA, 94d. Ib cist.) 
Nickel—99.5/100% .. £200 to £205 
“F” nickel shot. £184 0 0 Nor 63/6 
Ferro-cobalt, 98/99% 5/6 Ib 
Metallic chromium— 3. 
96/98% 2/5 lb fdry. No. 1 70/6 
Ferro-manganese (net)— Derbyshire N 
76/80% loose £1015 Otoll 5 0 
76/80% packed £11 15 Otol2 5 0 ” 
76/80% export (nom.) £9 15 0 
Metallic manganese— Scotland— 
94/96% carbon-free 1/3 lb. Foundry No. 1, f.o.t. ie 72/6 
Per ton unless otherwise stated. i No. 3, f.o.t. at 70/- 
Hem. M/Nos. d/d .. re 71/- 
were wane Sheffield (d/d district )}— 
Finished bars, 14% tungsten 2s. Od. Derby f 64/6 
Finished bars, 18% tungsten 2s. 9d. erby torge 
Per lb. net, d/d buyers’ works. fdry. No. 68/6 
— Lincs forge 64/6 
Rounds and 3 in. fdry. No.3 .. 68/6 
and over 4d. Ib. W.C. hematite 86 /- 
Rounds and squares, under 
$ in. to fin. 3d. Ib. Lancashire (d/d eq. Man.)— 
Do., under } in. to yin... 1/-Ib. Derby fdry.No.3 
Flats, } in. x } in. to under Staffs fdry. No.3 .. ‘ 74/- 
lin. x jin. .. 3d. Ib. Northants fdry. No.3... 72/6 
Do., under 4 in. x fin. .. 1/-1b. Cleveland fdry. No. 3 74/- 
Bevels of approved sizes Dalzell, No. 3 (special) 102/6 to 105/- 
and sections ° 6d. |b. Glengarnoc k, No. 3 82/- 
Bars cut to length, 10% ‘extra. Clyde, No. 3 a m, 82/- 
Monkland, No.3 .. ots 82/- 
Summerlee, No. 3 ‘ 82/- 
Eglinton, No. 3 82/- 
South Wales— £ 8. d. ££ a. ad. Gartsherrie, No. 3 82/- 
Heavy steel 215 Oto2 16 0 Shotts, No. 3 82 
Bundled shrngs. 2 7 6to215 0 ‘ 
Mixed iron and 
steel 210 Oto2 12 
Heavy castiron 210 O0to212 0 FINISHED IRON AND STEEL 
Good machinery 212 6to215 0 Usual district deliveries for iron ; delivered 
consumer's station for steel. 
Heavy steel 212 6 Tron— fad 2a. & 
Steel turnings —.. 115 0  Bars(cr.) .. 912 6t0915 0 
Cast-iron borings .. es Nut aoe bolt iron7 10 0 to8 0 0 
Heavy castiron .. 1010 Oand u 
Heavy machinery 2 14 O0to215 0 
y ry Marked bars (Staffs) fio.t. 12 0 0 
: Gas strip 10 10 0 and up. 
Midlands— : Bolts and nuts, } in. x 4 in. 
Light cast-iron 14 2 6 and up. 
scrap 2 78 
Heavy wrought Steel— 
iron. + -- 217 6 Plates, ship, etc. 815 Oto817 6 
Steel turnings .. 8 Boiler pits. 9 5 O0to9 7 6 
Chequer pits. -- 10 7 
Heavy steel 210 0 Tees 
Ordinary cast iron 33 6 Joists , 815 0 
Engineers’ turnings 119 6 Rounds and squares, 3 in. 
Cast-iron borings 1 17 6 to 1 19 0 to in. . 9 7 6 
Wrot-iron piling < 22s 8 Rounds under 3 in. to fi in. 
Heavy machinery .. 217 6 (Untested) 7 812 0 
Flats—8 in. wide and over 8 12 6 
London—Merchants’ buying prices, », under 8 in. and over 5in. 8 17 6 
delivered yard. oe heavy 8 5 Oto 810 0 
Copper (clean) Fishplates .. 12 5 Otol2 10 0 
Brass 20 0 Hoops (Staffs) 970 
Lead (less usual draft) 13 0 0 Black sheets, 24g. (4-t. lots) ll 0 0 
Tea lead 912 0 Galv.cor.shts. ( , ) 13 0 0 
Zinc 8 10 0 Galv. flat shts. 
New aluminium cuttings. . 60 0 Galv. fencing wire, 8g. - 1410 0 
Braziery copper .. 28 0 0 Billets, soft -- 510 OQand up. 
Gunmetal .. Billets, hard 617 6to 7 2 6 
Hollow pewter... -- 160 0 0 Sheet bars .. 5 2 6to 5 7 6 
Shaped black pewter -. 120 0 0 Tin bars .. 5 5 Oto 5 7 6 
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PHOSPHOR BRONZE 
Per Ib. basis, 


Strip 93d. 
Sheet to wg. 114d. 
Castings .. 12d. 


Delivery 3 cwt. free. 
10% phos. cop. £30 above B.S. 
15% phos. cop. £35 above B.S. 
Phosphor tin (5%) £30 above 
price of English ingots. 
C. CuurForp & Son, Lumrep. 


NICKEL SILVER, &c. 


Per lb. 

Ingots for raising 7d. to 1/1 
Rolled— 

To 9 in. wide - 1/1 tol/7 


1/1} to 1/73 
1/1} to 1/74 
to1/8 


To 12 in. wide 
To 15 in. wide 
To l8in. wide. 
To 2lin wide . 1/24 to 1/8} 
To 25 in. wide 1/3 to 1/9 
Ingots for spoons and forks 7d. to 1/34 
Ingots rolled to spoon size 10d. to 1/64 
Wire round— 
to LOg. 1/4} to 1/114 
with extras according to gauge. 
Special 5ths quality turning rods in 
straight lengths, 1/3} upwards. 


AMERICAN IRON AND STEEL 
At Pittsburgh unless otherwise stated. 


Dols. 
No. 2 foundry, Phila. 20.31 
No. 2 foundry, Valley . 18.50 
No. 2 foundry, Birm. 14.50 
Basic, Valley .. 18.00 
Malleable, Valley 18.50 
Grey forge, Valley . 18.00 
Ferro-mang. 80%, seaboard 85.00 

O.-h. rails, h’y, at mill 36.374 
Billets ; 27.00 
Sheet bars 28.00 
Wire rods 38.00 

Cents. 
Iron bars, Chicago 1.80 
Steel bars A 1.80 
Tank plates 1.80 
Beams, etc. 1.80 
Skelp, grooved steel ‘ 
Sheets, black, No. _ ae 2.40 
Sheets, galv., No. 24 3.10 
Wire nails ; 2.60 
Plain wire 2.30 
Barbed wire, galv. ps 3.00 
Tinplates, 100-Ilb. box . $5.25 


COKE (at ovens) 
Welsh foundry .. 25/- to 30/- 
» furnace 19/- to 20/- 
Durham foundry 20/- to 21/- 
» furnace 16/6 to 17/9 


Scotland, foundry 28/- 
TINPLATES 


f.o.b. Bristol Channel ports. 
I.C. cokes 20x 14 per box 18/2 and up. 
rv 28 x 20 36/4 and up. 
26/- 
20x14 15/3 to 15/6 
Ni 28x20 ,, 32/6 to 33/- 
20x10 23/- to 23/3 
183x114 ,, 15/6 to 15/9 


SWEDISH CHARCOAL IRON & STEEL 
Pig-iron £6 0 Oto £7 0 0 
Bars-hammered, 

basis £16 0 
Bars and nail- 

rods, rolled, 

basis £15 15 
Blooms £20 
Keg steel .. £30 0 
Faggot steel £18 0 
Bars and rods 

dead soft, st’] £10 0 to £12 0 
All per English ton, f o.b. Gothenburg 

[Subject to an exchange basis of 
Kr. 18.16 to £1.] 


0 to £16 10 0 


0 to £16 
0 to £12 
0 to £31 
0 to £23 
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DAILY FLUCTUATIONS Standard Tin (cash) Spelter (ordinary) Zine Sheets (English) 
« £ os. d. £ s. d. 

&. a. July 25 .. 229 0 O dec. 85/- July 25 .. 14 8 9 dec. 6/3 July 25 22 10 0O dec. 10/- 
July 25 31.10 Odec. 6/3 » 26 .. 23010 Oine.  30/- 5/- » 26 5/- 

» 2 3100 10/- » 20 .. 23315 0 ,,  65/- » 29 14.8 Mine. 22 5 0 No change 

” 6/3 » 30 .. 23315 O No change 14 5 0 dec 3/9 » 22 0 dec 5/- 

” . 233 12 6 dec. 2'6 o 1/3 22 0 change 

31 .. 31 8 Qine. 2/6 

Electrolytic Copper Tin (English ingots) Spelter (Electro, 99.9 per cent.) Lead (English) 
July 25 34 15 0O dec. 5/- July 25 .. 230 0 O dec. 75/- July 25 16 18 9 dec. 7/6 July 25... 17 O O dec. 5/- 

a an 3410 O ,, 5/- » 2 .. 24 @ @ ine. 80/- - oa 14613 9 ,, 5/- » 26 17 5 O ine. 5/- 

34 10 0 change » 29 .. 234 0 0No change 16 18 9 ine. 5/- 17 5 0 No change 

» » .. 23315 © ine. 5/- 16 15 O dee. 3/9 » 

| 34 15 0 ine. 5/- . 233 10 O dec. 1/3 750, 

AVERAGE MONTHLY PRICES OF WEST COAST HEMATITE MIXED NUMBERS DELIVERED SHEFFIELD 

Year | Jan | Feb. March | April | May June | July Aug. Sept. | Nov. Dee. early 
| & & | 8. d. a | @ 8. 8. 8. d. 8. d. s. d. 8. d. 
1896 47 0 48 9 48 9 48 23 | 3 47 3 46 10 46 10 47 2 48 5 | 50 7 50 6 48 1h 
1897 61 2 49 10 48 5 47 4 «| 47 9% 48 6 47 47 3 47 3 47 0 «| 48 3 47 11 48 2 
1898 48 9 48 10 49 4 49 8 | 5010 50 3 51 0 52 6 53 11 55 8 | 587 3 56 10 52 1h 
1899 59 1 59 9 57 7 59 6 64 7 70 10 67m | 23 3 7 0 | #71 73 3 68 5 
1900 75 3} 76 10 79 10 84 6 81 4 | 79 1 8 4 | 81 5 79 11 7610 | 77 8 68 4 78 8 
1901 60 2 | 59 0 oo 57 6 | 57 8 | 57 4 57 8 61 0 0+ 59 9 | 58 7 56 7 58 7% 
1902 56 1 57 9b 59 3 59 9 59 10} =| «60 0 60 0 60 8 | 61 5 612 | 59 3 59 0 59 6 
1903 58 5 58 8 61 1 59 5 5710 | 87 8 56 7 563 9 8 52 4 52 4 56 8 

1904 52 8 53 1 53 7 54 9 54 2 53 2 | «52 9 52 5 52 2b s2 7 | 53 1 55 11 53 
1905 57 9} | 56 9 58 1 58 2 ee | 8 | SS 56 7 61 0 68 9 69 9 70 11 60 5 
1906 70 44 | 65 2 63 44 68 9 | 64 5 64 6 «| «(64 1 66 24 3 69 4 | 72 44 78 8 67 5 
1907 79 | 21 71 10 739 #+%| %79 8 76 9 77 9 78 4 75 11 72 9 68 6 66 7 ™% 4 
1908 62 7 | 59 1 | 61 6 61 6 | 614 £59 1 57 9 | 5611 60 2 | 59 2 | 58 5 57 7 59 7; 
1909 | 61 4 5 | 55 8 56 1 56 4 57 0 56 8 | 58 0 61 0 | 61 14 | 60 7% 61 4 58 1 
1910 | 64 Of 64 3h 66 104 67 63 66 23 6 4 64 65 63 65 2 | 64 6 65 6 65 4 
1911. .-| 66 9 66 1 64 10 68 1 | 62 1 62 0 612 | o2 2 | o 1 | 611 61 10 64 0 63 1 
Tr ees (ae a 67 0 67 0 69 3 | 71 9 72 11 7 98 | 79 14 | 82 2% 8 0 | 85 38 86 6 75 9 
86 86 6 86 3 85 0 83 6 80 10% 78 7610 72 6 | 710 68 65 3 78 4 
65 4} 65 6 64 11g | 64 | 64 0 64 0 | 74 | 71 0 65 4 69 9 66 10 
1915 9 «100 6 103 1 113 6 111 9 114 0 16 3 115 2 8 | 131 9 139 6 113 3 
1916s. S| 185 0) =| «185 0 133 4 127 6 | 127 6 127 6 127 6 | 127 6 | 127 6 127 6 127 6 127 6 129 2% 
1017. «wg. Sk] 187 6 | 8? 6 127 6 127 6 | 127 6 | 127 6 | 127 6 | 127 6 127 6 | 127 6 127 127 6 127 6 
i918 ws Sts] 27: 6—Ss|s«d87 «6 127 6 | 127 6 127 6 | 127 6 | 127 6 | 127 6 | 127 6 | 127 6 127 6 | 127 6 127 6 
1919 ©. :.| 127 6 | 197 6 127 6 | 127 6 180 6 | 184 3 | 195 4% 204 6 204 6 | 204 6 204 6 204 6 174 7 
1920 1...) 224 9 =8| +2835 O 245 0 275 0 | 200 0 | 29 0 | 295 0 295 0 | 295 0 295 0 295 0 | 280 0 284 11 
1921s S| 268 4) | «288 4 180 0 180 0 | 180 0 | 160 0 160 0 157 6 | 142 0 128 6 | 121 0 | 115 6 167 of 
19220. Sts] 125 O =| «17-6 115 0 115 0 | 115 0 115 0 113 4 104 0 105 0 105 0 | 106 8 110 0 112 1 
1928 .. ..| 109 O8 116 52 133 4 138 3% 134 2 125 0 | 15 7 111 9 =| 110 0 110 0 113 11 115 0 119 6 
1924 8... ..| 115 0 115 0 114 4 112 6 | 112 6 | 112 6 lll 0 110 0 | 110 0 105 43 102 6 102 6 110 3 
1925 36.. Sis| 102 6 | 102 6 100 0 98 6 97 6 | 95 it 92 6 90 6 88 3 87 0 88 1h 88 9} % 3 
1926 90 90 89 8h 89 0 | 89 0 89 0 90 2 91 9 94 0 97 2} . 91 0 
1027. S| 5h 95 6 96 6 95 6 9% 3 | 94 0 92 10 91 6 90 6 90 6 90 6 89 6 93 1h 
eee 85 3 85 5 85 0 85 3 84 9 0 9 84 0 84 0 83 1 82 6 84 4 
1929 3... ..| 82 108 83 6 85 0 86 9 87 0 87 @ | 87 3 87 24 87 6 89 6 89 6 89 10} 86 11 
i930 ..| 91 6 91 6 91 6 90 0 89 7% 88 0 | 87 7 86 6 86 6 86 6 86 6 86 6 88 64 
1931 :. <.| 86 6 84 6 84 6 8 6 | 84 6 82 6 82 6 81 6 81 6 83 6 83 6 83 6 83 7 
1932, “| 88 6 | 83 6 83 6 83 6 83 6 83 6 83 6 83 6 83 6 83 6 83 6 83 6 83 6 
ce rie ee 83 6 83 6 83 6 83 6 83 6 83 6 83 6 83 6 83 6 83 6 83 6 83 6 
1934s, | $8 6 | 83 6 83 6 83 6 83 6 83 6 83 6 83 6 83 6 83 6 83 6 83 6 83 6 
1935 83 6 83 6 83 6 83 6 83 6 83 6 85 44 — — 


* No prices available. 


WILLIAM JACKS 


| WINCHESTER HOUSE, OLD BROAD ST., LONDON, E.C.2. 


CLARENCE CHAMBERS, 39, CORPORATION STREET, BIRMINGHAM. 
13, RUMFORD STREET, LIVERPOOL. 


PIG IRON 


All grades FOUNDRY, HEMATITE, BASIC, SPECIALS, &c. 


NON-FERROUS METALS 


x=| COPPER, TIN, LEAD, SPELTER, ANTIMONY, CHROME ORE. 


TRADE Mary 


ZETLAND ROAD, 
MIDDLESBROUGH. | 
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Notice 


Small Advertisements in this section of the 
Journal are accepted at the prepaid rate 
of 6d. per line, first line in capitals 
counting two, average 6 words per line. 
Minimum charge for one insertion 3/- 


(A remittance should accompany instructions.) 


SITUATIONS VACANT AND WANTED 


PATTERN MAKER, 30, seeks change of 
position as Foreman or Under-Foreman 
with prospects. Sound technical and works 
experience. Three years dwg. and est. offices. 
Interview willingly. Keen.—Apply Box 324, 
Offices of THe Founpry Trape JOURNAL, 49, 
Wellington Street, Strand, London, W.C.2. 


TEEL-FOUNDRY Chemist and Metallurgist 

desires change. Qualified in the produc- 

tion of all types of steel by arc-furnace. Com- 

petent analyst and metallographist.—Box 326, 

Offices of THe Founpry Trape JouRNAL, 49, 
Wellington Street, Strand, London, W.C.2. 


ETAL Pattern Plate Maker required for 

continuous-casting plant within 30 miles 

of London.—Box 328, Offices of THe Founpry 

TRADE JOURNAL, 49, Wellington Street, Strand, 
London, W.C.2. 


WANTED. Assistant Foreman to control 

40 moulders. Grey-iron castings only up 
to 10 cwts. Age about 30 to 35. Must be strict 
disciplinarian. Location within 30 miles of 
London.—Box 330, Offices of THe Founpry 
TRADE JouRNAL, 49, Wellington Street, Strand, 
London, W.C.2. 


EMPLOYMENT REGISTER. 
Conducted by the Institute of British Foundry- 
men by courtesy of the proprietors of THE 

Founpry TRADE JOURNAL. 


Correspondence should be addressed to the 
General Secretary, Institute of British Foundry- 
men, St. John Street Chambers, Deansgate, 
Manchester, from whom full particulars can be 
obtained of this service. 

Any employer wishing to communicate with a 
candidate should write to the General Secretary, 
quoting identification number. 


OULDER, age 33, in small foundry, desires 

similar position in large foundry centre, 

Midlands or London areas preferred. Com- 
petent workman, technical knowledge. (264) 


OUNG MOULDER requires position as 

Moulder or in charge. Excellent experi- 

ence iron (repetition work), brass, aluminium 
and special alloys. Technical training. (265) 


OREMAN requires similar position or as 

Assistant Foreman. Engineering, machine- 

tool and millwright castings, cupola practice, 

high-duty cast iron; accustomed to systems of 
payment by result. (266) 


MACHINERY—Continued 


SANDBLAST PLANTS 


Room Plants, sizes 12 ft. x 12 ft., 12 ft. x 
9 ft. and 6 ft. x 6 ft., made up in cast-iron 
sections. 

Barrel Plants, 30 in. dia. x 36 in. long and 
30 in. dia. x 18 in. long rotary barrels. 

Cabinet Plants, in sizes 4 ft. x 4 ft. x 4 ft., 
36-in. dia. and 30-in. dia. operators’ cabinets. 

Most of the above by Tilghman and complete 
with Air Compressors. 


HAND MOULDING 
MACHINES 


By Adaptable, Pridmore, Darling & Sellars, 
etc. ; Squeezers by Utard (unused), Samuelson 
and Britannia, also Farwell Universal Type. 

Ladles, Grinding Machines, Exhaust Fans, 
Blowers, Air Compressors and 500 Electric 
Motors and Dynamos. 


S.C. BILSBY, A.M.LE.E. 


CROSSWELLS ROAD (Adjoining Railway 
Crossing), LANGLEY, Nr. Birmingham. 
*Phone: Broadwell 1359. 


THO* W. WARD LTD. 

No. 2 BLAST FURNACE, approx. 85’ high 
x 25’ dia., casing 45’ deep. Hopper plate 
31’ dia. x 8’ wide. 

8-ton geared FOUNDRY LADLE, 4’ 3” high, 
top dia. 4’ 6”, bottom 4’. 

60-n.h.p. Semi-Port. LOCO. BOILER, new in 
1926, 150 lbs. w.p. 

Large and varied stocks of OIL AND 
PETROL STORAGE TANKS, lying in various 
parts of the country. 

Write for ‘‘ Albion ’’ Catalogue. 
‘Grams : ‘‘ Forward.’’ ‘Phone : 23001 (10 lines). 
ALBION WORKS, SHEFFIELD. 


MISCELLANEOUS 


PATTERNS IN WOOD AND METAL for 

all branches of Engineering. Moulding 
methods carefully considered.—FurRMston & 
Lawtor, Letchworth. 


WHEN THINKING OF 


SANDBLAST 


THINK OF 


RICHARDSON’S 


Established 1887. 


We Supply Re-Conditioned & New 


SAND BLAST PLANTS 


AND 


AIR COMPRESSORS. 


Tilghman’s, Room, Barrel, Chamber, 
Rotary Table, Dust Arrester, and 


Continuous Feed Barrel Plants. 


Phone: MIDLAND 228}. 
Grams: “‘SANDBLAST, B’HAM.” 


R. J. RICHARDSON & SONS, Lid., 


*Phone: 287 SLOUGH 


MOULDING MACHINES 


J 75 OSBORN jolt squeezer. 
406 OSBORN jolt rollover. 
18” x 36” “‘ Shockless "» TABOR rollover. 
24” x 48” “ Shockless '’ TABOR rollover. 
30” x 40” “Shockless ** TABOR rollover. 


SANDBLAST PLANTS 


8’ x8’ x8’ Tilghman room plant with Tilghman 
compressor and all equipment, practically new 
plant throughout. 

12’ x 9 Tilghman sandblast reom, built of cast 
iron plates, complete with 400 cu. ft. Tilghman air 
compressor and all accessories. © FINE PLANT. 
T.B. 4 Tilghman sandblast barrel plant, complete. 
Size of barrel 60” x 40”. 

T.B. | Tilghman sandblast barrel 30” x 20”. 


BUY FROM ME AND SAVE. MONEY! 


Avex. HAMMOND, foundry Mechinery 


14, AUSTRALIA ROAD, SLOUGH 


PUBLICATION 


YLAND’S DIRECTORY of the Coal, Iron, 

Steel, Tinplate, Metal, Engineering, Hard- 
ware and Allied Trades. A new edition will 
be going to press soon. Write now for full 
particulars and advertisement rates.—INpDvs- 
TRIAL NewspaPrers, Limirep, 49, Wellington 
Street, Strand, London, W.C.2. 


MACHINERY 


NEw Dwarf Cupola, to melt 10 to 15 cwts. 
per hr. New Worm-geared Ladles, 5 tons, 
25 cwts., 15 cwts. and 10 cwts. capacity. 
Ungeared Ladles, 15 cwts. and 10 cwts. 
eapacity. Improved Cupola Spark Arresters.— 
T. Davirs & Son, West Gorton, Manchester. 


RYLAND’S DIRECTORY 


[2,200 pages 82° x 53°). 


The standard work of reference covering 
the Coal, Iron, Steel, Tinplate, Metal, 
Engineering, Hardware and Allied Trades. 


A new edition will be going to press soon. 
Write now 
for full particulars and advertisement rates 


INDUSTRIAL NEWSPAPERS, Ltd. 
49, Wellington St., Strand, London, W.C.2. 
Telephone : Temple Bar 3951 (5 lines). 


Commercial Street, Birmingham. J 


PETER—witn 
ONE EXCEPTION 


With one exception Peter is an 
ordinary little fellow. Chubby, like 
able, just five-and-a-half, full of life 
and fun and on occasions—be it 
admitted—of naughtiness. 


Just now Peter’s rather important, 
for this is his first term at school, and 
he’s grappling with the intricacies of 
“ABC” Twice-Two”’ : difficult 
subjects to all men of five-and-a-half, 
but even more difficult in Peter’s case 
because—bad luck—he’s totally blind. 
That’s his One Exception 


Peter learns reading, writing, and 
’rithmetic through the medium of 
“ Braille’’—dull stuff compared with 
the coloured picture books of most five- 
and-a-halfs. However,he’s astout ladis 
Peter, and he’s making great progress. 


Would you like to know more about 
him? How, in spite of his ‘One 
Exception,” he is being educated and, 
when older, technically trained and 
usefully employed. 


There is along waiting list of ‘‘ Peters” 
throughout the British Isles, for whom 
training and accommodation must be 
provided in the immediate future. 


Will you help with a donation or 
annual subscription? Any sum, large 
or small, will be gratefully received. 


Here's a suggestion. Your eyesight is 
worth 3d. ayeartoyou. Send Peter 
and his handicapped pals 3d. for every 
year you’ve had it. Now, please, in 
case it slips your memory. Good idea? 


The Chairman, 


SCHOOL FOR THE BLIND 


(Founded 1838), 
SWISS COTTAGE, LONDON, N.W.3. 
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